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INTRODUCTION 
The  value  of  each  living  organism  lies  in  its  ability  to  propagate  
and  preserve  its  species. This  process  of  propagation  is  done  mainly  by  
reproductive  system  through  an  important  event  called  fertilization. 
Fertilization  is  a  natural  process  in  an  organism. It  can  occur  only  when  
a  sperm  meets  an  ovum  at  the  right  time. Identifying  this  right  time  is  
necessary  for  the  event  of  pregnancy  to  take  place.  
Equally  important  is  to  control  conception  as  a  family  planning  
measure. Keeping  check  in  reproduction  is  one  of  the  chief  concerns  in  
social economics  and  preventive  medicine. Especially  in  underdeveloped  
countries,  limiting  number  of  births  is  very  essential. But  due  to  economic  
problems  the  use  of  new, expensive  hormonal  or  surgical contraceptive  
methods  may  be  practically  difficult. In  many  developed countries, medical  
and  instrumental  intrusions  are  fetching  less  acceptance. Hence  there  is  a  
necessary  for nonpharmacological,   nonhormonal, noninvasive  methods  of  
contraception.  
In  recent  years  due  to  various  factors  like  poor nutrition, stress, 
obesity, hormonal  disorders, life  style  modifications   has  led  to  more  
number  of  infertility  cases  and  opening  of  many  infertility  clinics. In  order  
to  reduce  the  additional  cost  of   treatment, a  cheap  method  of  investigations  
to  track  the  follicles  is  necessary.  
Reproductive function  begins  in  a  female  fetus  early  in  the  mother’s  
womb  with   the  development  of  ova  in  the  ovaries. Ovarian  follicles  are  
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the  functional  units  of  ovary. Most  of  the  events  occurring  in  female 
reproduction  are  cyclical. But  maturation  and  atresia  of  the  ovarian  follicles  
are  continuous  process  that  takes   place  throughout  the  reproductive  life1. 
The  most  important  principal  event  of  the  menstrual  cycle  is  the  
discharge  of  a  mature  ovum  from  an  ovary  into  the  abdominal  cavity  
which  is  known  as  ovulation. Ovulation  in  primates  and  mammals  like  
cats,  dogs,  horses  is  triggered  by  mating. Whereas  ovulation  in  the  human  
female  is  spontaneous. It  is  controlled  by  cyclic  and efficient  interactions  
among  signals  originating  from  the  hypothalamus, the  anterior pituitary, and  
the  ovaries. All  the  cyclic  physiological  changes  organise  the  female 
reproductive  tract  for  transport  of  sperm  and  ovum, fertilization, 
implantation, and pregnancy. 
Fertile  period  in  a  women  is  the  period  around  which  fertilization  
of  ovum  with  sperm  will  lead  on  to  pregnancy. It  begins  about  5 days  
before  ovulation  and  ends  1 day  after  ovulation. The  ovum  remains  viable  
not longer  than  24 hrs  after  it  is  expelled  from  ovary. If  fertilization  has  
to  take  place  sperm  must  be  available. A sperm  can  be  viable  in  female  
reproductive  tract  for  up  to  5 days. So, for  fertilization to  occur, intercourse  
should  take  place   between  4  and  5 days  before  ovulation  up  to  a few  
hours  after  ovulation. Therefore, the  fertility  period  of  a  female  during  
each  menstrual  cycle  is  short, about  4  to  5 days 2. 
Fertility  awareness  methods  are  those  methods  which  helps  a  women  
to  detect  this  fertile  period  and  make  use  of  it  either  to  attain  pregnancy  
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or  to  abstain  from  pregnancy. Therefore  identifying  fertile  period  and  
hence  the  ovulation  time  is  necessary  for  both  the  reproductive  process  
and  also  as  family  planning  method.  
The  growth  and  release  of  mature  ovum  at  the time  of  ovulation  is  under  
control  of  pituitary  gonadotropins – Follicle Stimulating  Hormone  and  
Luteinizing Hormone  and  sex  hormones  from  gonads  namely  oestrogen  
and  progesterone2. 
The  reproductive  system  is  an  integral  part  of overall  health  of  
female. It  is  necessary  to  track  once  menstrual  cycle  as  it  helps  to  detect  
early  signs of  health  problems. Any  abnormalities  in  the  cycle  may  indicate  
signs  of  thyroid  disease, hormonal  imbalances,  nutritional  deficiencies  and  
cancer. In  unmarried  women,  menstrual  cycle  tracking  can  be  done  as  a  
means  of  early  detection  of  infertility  or  future  difficulties  in  becoming 
pregnant  and  may  also  identify  signs of  polycystic  ovaries  or  endometriosis  
which  are  conditions  that  can  be  treated  surgically  to  return fertility  in  
advance3. 
The  World  Health  Organization WHO  in  1973, started to research on 
ovulation detection. By  end  of  1970s, they  focused  on  the  determination  of  
the  fertile  period, mainly  the development  of  immunochemical  methods  for  
detection  of  ovulation4.The  first  ovulation  tests  were  approved  for  use  in  
1984. Since  the  first  home  ovulation  test  was  approved  by  the  Food  and  
Drug  Administration (FDA)  many  tests were  introduced  to  assist  patients  
in  monitoring  and  diagnosing  fertile  period  and ovulation5. 
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To  assess  the  time  of  ovulation, a  wide  range  of  methods  including  
temperature  charts, cervical  mucous  scoring, and  measurement  of  plasma  
and  urinary  hormonal  profiles, have  been  found. Several  procedures  such  
as  hormone  tests, ultrasound, and  basal  body temperature, individually  or  in  
combination, have  been  recognised  to  predict  the  fertile period  in  women6. 
These  methods  individually  may  have  both  advantage  and  disadvantages  
regarding  cost, complicated  invasive  procedure, poor  predictive  value. 
Patients  also  expect  methods  to  simplify  their  care  and  reduce  unnecessary  
visits  to health  care  persons  or  undergo  invasive  testing. This  has  lead  
interests  in  invention  of many  at-home  testing  methods. Therefore, a  simple  
reliable  method  is  needed  to  predict  ovulation  in  women.  
Home  diagnostic  agents  are  non-expensive, useful  method  for  
patients  to  take  care  of their  health. Ovulation  tests  help  female  in  
increasing  their  chance  of  conception. Technological  development  endure  
to  improve  the  ease  of  use  and  accuracy  of  the home  diagnostic  mediators. 
Several  easy-to-use  home  tests  are  now  promoted  to  predict  ovulation7. 
Now  a  days, Saliva is  gaining  attention  as  a  medium  of  
investigations  as  its  composition  reflects  nearly  that  of  plasma. Also  the  
extraction  of  saliva  is  easy, cheap  and  non-invasive. It  serves  as  an  
additional  means  of  monitoring  physiological  events  and  diagnosing  
systemic  illness. In  a  women’s  reproductive  life, salivary  composition  
changes  according  to  various  phases  of  menstrual  cycle. There  occurs  
significant  alterations  in  its  electrolytes, protein, glucose  content, 
5 
 
antioxidants, salivary  enzymes  and  hormones  and  also  its  flow  and  pH . 
Similar  to  arborisation  pattern  occurring  in  cervical  mucosa  during  
proliferative  phase  of  menstrual  cycle, ferning  also  occurs  in  saliva. This  
fern  like  pattern  in  saliva  can  be  detected  using  microscope8. Ferning  
occurs  due  to  rise  in  level  of  sodium  chloride  in  the  saliva  occurring  as  
a  result  of  increased  level  of  oestrogen  during  the  ovulatory  period. The  
period  of   appearance  of  ferning  pattern  is  considered  to  be  the  period  of  
fertile  days  and  hence  period  of  ovulation  can  be  determined.  
Thus  exactly  predicting  the  timing  of  ovulation  are  key  steps  in  
assessing  and  aiding individuals  and  families  in  contraception,  conception  
or  child  spacing  and  also  for  treating  female  infertility. Predicting  ovulation  
also  is  critical  for  many  couples  who can  choose  for themselves  when  to  
have  children  and  limit  the  size  of  the  family without  jeopardising  
themselves  to  some  of  the  risks  posed  by  hormonal  or  mechanical  
contraceptives. The  existing  state of  skill  in  ovulation  prediction  is  getting  
altered  very  rapidly  and  will continue  to  evolve  in  upcoming  years  to  
offer  effective, safe, acceptable, non-expensive  methods   for  planning  their  
family. 
The  present  study  was  done  to  compare the  effectiveness  of  fertility  
monitor  namely  saliva  ferning  using  hand-held  microscope  with  established  
markers  of  ovulation, such  as  LH in  urine  and  transvaginal  ultrasonography. 
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AIM OF THE STUDY: 
Aim: 
To  study  the  effectiveness  of  salivary  ferning  in  predicting  ovulation  
in  normal  menstruating  women. 
Objective: 
 To  assess  reliability  of  salivary  ferning  in  predicting  ovulation. 
 To  assess  peak  day  of  salivary  ferning  occurring  during  fertile 
period. 
 To  compare  ovulation  detected  by  salivary  ferning  and  LH  surge.  
 To  compare  ovulation  detected  by  salivary  ferning  and  transvaginal 
ultrasound  in  married  women. 
 To  compare  salivary  ferning  and  LH  surge  day  in  respect  to  age, 
body  mass  index, menstrual  cycle  length, age  at  menarche. 
 To  compare  salivary  ferning  and  LH  surge  and  transvaginal  
ultrasound  day  in  respect  to  number  of  years  of  marriage, number  
of  children. 
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REVIEW  OF  LITERATURE 
The  reproductive  system  of  women  unlike  men  shows  regular  
cyclical  changes. These changes  prepare  them  for  fertilization  and  
pregnancy.  Menstrual  cycle, ovarian  cycle, uterine  cycle  and  hormonal  
variations  during  these  cycles  are  the  main  changes  occurring  usually  once  
every  month  in  the  reproductive  life  of  women. Periodic  vaginal  bleeding  
occurring  with  shedding  of  uterine  mucosa  is  called  menstruation. Each  
menstrual  cycle  occurs  on  an  average  once  every  28 days.  First  day  of  
menstruation  is  taken  as  starting  day  of  menstrual  cycle. The  first  half  of  
menstrual  cycle  is  referred  to  as  the  follicular  phase  of  the  ovary. During  
this  phase,  there  is  recruitment  and  growth  of  15  to  20  large  antral  
follicles  (2 to 5 mm in diameter).9 
In  human,  there  are  about  2  million  primordial  follicles  since  birth. 
Usually  one  of  the  follicles  in  one  ovary  starts  to  grow  rapidly  from  
about  the  6th day  of menstrual  cycle  and  becomes  the  dominant  follicle,  
while  the  others  regress, forming  atretic  follicles. The  dominant  follicles  
are  those  with  ability  to  secrete  oestrogen  inside  it  for  final  maturation  
and  has  the  most  FSH  receptors.10 
Ovulation: 
Ovulation  is  the  essential  occurrence  in  mammalian  reproduction. 
The  distended  dominant  follicle  by  the  middle  of  the  cycle  becomes  a  
bulky  preovulatory  follicle  called  graafian  follicle  of  about  20 mm  in  
diameter.  This  follicle  ruptures  and  the  ovum  is  extruded  into  the  
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abdominal  cavity. This  process  is  called  ovulation  and  occurs  at  about  
14th  day  of  menstrual  cycle.  The  mechanism  by  which ovulation  occurs  
is  that, just  before  ovulation , the  large graafian  follicle  presses  against  the 
ovarian  surface  and  produces  a  protruded  surface  with  poor  blood  supply  
called  the stigma .The  LH  surge  occurring  during  ovulation  stimulates  the  
release  of  inflammatory  cytokines  and  hydrolytic  enzymes  from  the  theca  
and  granulosa  cells. These  secreted  constituents  lead  to  breakdown  of  the  
follicle  wall, tunica  albuginea, and  surface  epithelium  near  stigma. Thus  the  
oocyte  is  released  through  the  ruptured  stigma  in  a  slow  and  smooth  
manner. The  expelled  oocyte  is  picked  up  by  the fimbrial  end  of  fallopian  
tube.  It  is  transported  to  the  uterus  and  if  no  fertilization occurs,  the  
oocyte  is  expelled  out  through  the  vagina.  If  this  ovum  fuses  with  sperm,  
it  undergoes  fertilization  and  results  in  pregnancy.  After  ovulation,  the  
ruptured  follicle  enters  the  luteal  phase  and  forms  corpus  luteum  which  
secretes  progesterone.9 
According  to  Paul B Miller  et al,  onset  of  serum  LH  occurs  36-38 
hrs  before  ovulation  with  overall  surge  of  48-58  hours  duration.11  
According  to  Shaw, LH  surge  lasts  for  48 hours.  LH  level  increases  
twice  in  2 hours and  the  peak  remains  for  14 h  before  reducing. Secretion 
of   progesterone  starts  after  34 hours. Along  with   FSH, LH  triggers  the  
secretion  of  oestrogen, causes  maturation  of  the  ovum  and  causes 
ovulation.12 
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Hormonal  changes  during  ovulation: 
Menstrual cycle and reproductive functions in a woman occurs due to 
many hormonal interactions. It  is  well-known  that  a  normal  menstrual  cycle  
depends  on  regular  and  cyclical ovarian  steroid  hormone  secretions, which  
in  turn  are  under  control  by  the  pituitary  and  the hypothalamus and, to  a  
little  extent  influenced  by  other  hormones  like  thyroid  hormones  and  
corticosteroids. 
Hypothalamic  pituitary  ovarian  axis: ( H-P-O axis ) 
The  hypothalamus  is  in  quiescent  state  until  puberty. This  may  be  
due  to  the  inhibitory  control  of  adrenal  cortex,  and  the  higher  cortical  
centres  or  the   hypothalamus  may  be  insensitive  to  the  stimulus. It  becomes  
slowly  sensitive  around  8-12  years  and  starts  to  secrete  GnRH. Around  
13-14  years  complete  H-P-O  axis  is  created. It  is  also  proposed  that  leptin  
hormone  secreted  by  adipose  tissue  and  other factors  like  leptin  kisspeptide  
interactions,  peripheral signals  like  ghrelin, insulin , also central  
neuropeptides  like  Neuropeptide  Y , melanocortins  may  be  responsible  for  
triggering  GnRH  to  starts  its  function. 13 
Gonadotropin  Releasing  hormone (GnRH)  is  synthesised  by  arcuate  
nucleus  of hypothalamus  and  it  modulates  the  neural  control  of  FSH  and  
LH  from  the  anterior  pituitary  gland.  It  is  normally  secreted  in  episodic  
bursts  (circhoral secretion)  and  these  bursts  produce  the  peaks  of  LH  
secretion. The  pulsatility  and  amplitude  of  its  release  vary  with  various  
phases  of   menstrual  cycle.  In  the  preovulatory  phase,  it  pulses  once  in  
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every  60 min,  in  the  luteal  phase  it  slows  down to  once  in  every  3 hrs,  
with  increased  amplitude  of  each  pulse.  Frequency  increases  late  in  the  
follicular  phase  of  the  cycle,  producing  LH  surge. Also  this  fluctuations  
in  the  frequency  and  amplitude  of  the  GnRH  bursts  produces  other  
hormonal  changes  that are  responsible  for  the  menstrual  cycle. The  
sensitivity  of  gonadotropes  to  GnRH  increases  during  midcycle  phase  as  
they  are  exposed  to  GnRH  pulse  at  specific frequency. Continuous  
administration  of  synthetic  analogues  of  GnRH  is  now  used  to  regulate  
ovulation  especially  in  the  treatment  of  invitro  fertilization.10,12 
The  basophilic  cells  of  anterior  pituitary  gland  secretes  two  
important  gonadotropins  namely  follicular  stimulating  hormone  and  
luteinizing  hormone  in  response  to  GnRH  from  hypothalamus.  These  
gonadotropins  control  the  ovarian  functions  and  menstrual  cycles  and  
stimulates  secretion  of  hormones  from  ovary.  The  granulosa  cells  of  ovary  
secretes  hormones  like  estrogen,  progesterone,  Inhibin B,  activin  and  
follistatin.12 
The  naturally  occurring  estrogens  are  17β-estradiol,  estrone,  and  
estriol.  Estrogens  enable  the  growth  of  ovarian  follicles. 
Theca  interna  cells  of  ovary  have  many  LH  receptors. LH  through  
the  second messenger  cAMP  increases  the  conversion  of  cholesterol  to  
andronstenedione.  This  androstenedione  formed  is  supplied  to  the  granulosa  
cells. The  granulosa  cells  form  estradiol  from  androgens.  Number  of  LH  
receptors  also  increases  in  mature  granulosa  cells  and  stimulates  estradiol  
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production. Granulosa  cells  have  more  FSH  receptors.  FSH  via  cAMP  
increases  aromatase  activity of  granulosa  cells  and  enables  secretion  of  
estradiol  from  androgens.  
The  peak  secretion  of  estradiol  occurs  in  two  phases. One  just  
before  ovulation  and  one  during  the  midluteal  phase.  The  estradiol  is  
secreted  in  rate  of  36 μg/day  in  the early  follicular  phase,  380 μg/day  just  
before  ovulation,  and  250 μg/day  during  the midluteal  phase.10 
During  the  initial  part  of  the  follicular  phase,  inhibin  is  low  and  
FSH  is  moderately raised.  This  enables  follicular  growth  and  secretion  
of  estrogen.  The  secreted  estrogen by  negative  feedback  effect  keeps  LH  
secretion  in  check. At  36–48 h  before  ovulation, when  circulating  
estrogen  levels exceeds  200 pg/mL  for  about  50  hours  the  estrogen 
feedback  effect  becomes  positive.  This  initiates  sudden  increase  in  LH  
secretion (LH surge) that  produces  ovulation.12 
The  periovulatory  period  is  the  time  from  the  beginning  of  the  LH  
surge  to  expulsion of  the  oocyte  out  of  the  ovary.  Thus  LH  surge  helps  
to  complete  the  gametogenic  function  of  the  ovary .  This  also  alters  the  
endocrine  function  of  ovary  and  prepares the  female  reproductive  tract  for  
implantation  and  pregnancy.10 
Ovulation  occurs  after  24–36 h (mean 30 h)  of  LH  surge  and  atleast  
75 ng/mL  is  required  for  ovulation  to  occur. This  time  relationship  of  LH  
peak to  ovulation  is  useful  in  calculating  the  precise  time  of  ovulation  in  
women  on  treatment   for  infertility  such  as   gonadotropin  therapy. The  
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detection  of  ovulation  day  favours  the  retrieval  of  ova  in  in vitro  
fertilization  and  to  organise  appropriate  time  for  artificial  insemination  so  
that  it  increases  the  chance  of  pregnancy.12 
In 1981 Machelle M.Seibel,  studied in vivo oocyte  maturation  by  
follicular  aspiration  from  4 to 38 hrs  after  LH  surge  and  retrieved  oocyte  
in  different  stages  of  maturation  like  diakenesis, metaphase I,  metaphase II 
and  corpus  luteum  and  found  that  38 hrs  after  LH  surge  ovulation  occurs.14 
Thus, In  the  periovulatory  period, spiking  levels  of  ovarian  hormone  
especially  estrogen  from  maturing  ovarian dominant  follicles  triggers  the  
hypothalamus  and  pituitary  to  produce  a  surge  release of  GnRH 
(gonadotropin-releasing hormone) and  luteinizing  hormone (LH)  
respectively. Contrasting the  negative  feedback  effects  of  estrogen  present  
during  other  times  of  the menstrual  cycle, spiking  levels  of  estrogen  are  
stimulatory  and  have  a  positive  feedback  action  on  the  hypothalamus  and  
pituitary  and  finally  brings  about  ovulation.15,16,17 
The  necessary  to  precisely  predict  ovulation  in  women  is  for  two  
main  reasons.  
1.To  adjust  the  time  of  fertilization  when  progenies  are  desired. Thus, a  
women’s  likelihood  of  pregnancy  increases  when  sexual  intercourse  occurs  
at   or near  ovulation. 
2.For  contraception. Thus, unprotected  sexual  intercourse  is  recommended  
during  least fertile  period  of  the  menstrual  cycle  and  abstinence  during  
the  fertile  period, when  pregnancy  is  to be  avoided. 
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Ovulation  tests  support  women  in  improving  their  chance  of  
conception. Home ovulation  tests  allow  women  especially  for  women  with  
delayed  pregnancy  to  detect fertile  period  earlier  than  waiting  for  an  
appointment  with  an  obstetrician. This  early  knowledge  of  fertile  period  
may  be  important  for  women  to  promote  conception  or  to avoid  it. 
Technologic  improvements  continue  to  improve  the  ease  of  use  and  
accuracy of  the  home  diagnostic  agents. 
Many  females  who  are  concerned  in  using  fertility-awareness  
methods  of  contraception, based  on  identifying  the  fertile  days  in  the 
menstrual  cycle  prefer  low  costs, no  side  effects  and  no  drug  involvement  
methods.  Thus  this  salivary  ferning  method  can  be  made  use,  especially  
for women  in  developing  countries  where  hormonal  contraceptives  are  not  
broadly  offered.  
Identification  of  the  period  of  ovulation  in  women  is  also  critical  
in  the  treatment  of infertility. Success  in  in vitro  fertilization  and  embryo  
transfer  has  been  associated  with the  particular  time  of  ovulation. A  number  
of  techniques  have  been  used  to  assess  the time  of  ovulation, including  
temperature  charts, cervical  mucus  scoring, and  measurement  of  serum  and  
urinary  hormonal  profiles. Several  methods  such  as  hormone  tests, 
ultrasound, and  basal  body  temperature, individually or  in  combination, have  
been  adopted  to  predict  the  fertile  period  in  women.18.19These  methods  
may  have  several  disadvantages, and  the  results  are  also  variable. Further, 
identification  of  this  fertile  period  using  nonclinical  or  traditional  methods  
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appears  to  be  inaccurate, especially  those  who  have  irregular  cycles. 
Therefore, a  simple  reliable  method, is  needed  to  predict  and  detect  
ovulation  in  women.6 
Fertile  window: 
The  fertile  window  period  is  defined  as  the  time  of  ovulation  and  
the  duration  of  days  around ovulation  during  which  both  sperm  and  ova  
are  viable  in  the  female reproductive  tract. This  is  necessary  for  either  
achieving  or  avoiding  a  pregnancy.20 
Conception  is  possible  from  intercourse  beginning  about  5  days  
before  ovulation  extending  through  the  day  of ovulation. The  highest  
probability  of  conception  occur  on  the  day  of  ovulation.21 
In 1960, Barrett and Marshall  published  that  fertile window  
encompasses  four  days  before  the  Expected  Day of  Ovulation(EDO)  to  
the  day  after  the  EDO.22  
Fertility  awareness:     
‘Fertility  awareness’  means  the  woman  acquires  knowledge  about   
her  fertile  period,  like  when  the  fertile  time  starts  and  when  it  ends. The  
fertile  phase  of  the  menstrual cycle  can  be  anticipated  in  various  ways  
like  calendar  method,  mucus  method, temperature  method,  symptotermal  
method  and  by  many  newer  methods.12 
Fertility  awareness  is  vital  to  understand  and  make  decisions  about  
reproductive  health and  sexual  health. Fertility  awareness  information  is  
used  to  help  couples  to  plan  their  pregnancies  as  well  as  to  avoid  them. 
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This  can  help  couples  with  difficulty  in  conceiving,  for  identifying  the  
timing  of  intercourse. Natural  methods  of  family  planning  use  fertility  
awareness  to  recognize  the  fertile  days  of  a  woman’s  menstrual  cycle. 
History  of  development  of  fertility  awareness  methods: 
In  1855, W. Tyler  Smith  observed  that  cervical  fluid  renders  a  
compatible  medium  for the  passage  of  sperm  and  in  1868, J. Marim  Sims  
described  cervical  fluid  have  egg  white  consistency. 
The  basal  body  temperature  has  a  biphasic  pattern  during  the  
menstrual  cycle  and  was  first  observed  by  Squire  in  1868  and  Mary  
Putnam  Jacobi  in  1876.  
In  1905, Theodoor  Hendrik  Van  de  Velde,  a  gynecologist, published  
that  ovulation occurs  only  once  per  menstrual  cycle. By  1926,  he  stated  
that  it  was  due  to  corpus luteum,  there  is  upward  shift  in  temperatures  
after  ovulation. He  also  detected  the manifestation  of  mucus  secretions  and  
intermenstrual  mittelschmerz  pain  around  the  time  of  the  thermal  shift.  
Kyusaku  Ogino, in  Japan  and  Hermann  Knauss   in  Austria  in  the  
early  1930s  found  that  ovulation  precedes  menstruation  by  about  12-16  
days and  this  time  is  constant. Ogino  and  Knaus  worked  separately  and  
used  it  to  develop  calendar  rhythm  method  of  birth control.23,24 
In  1935, a  German  Catholic  priest  Wilhelm  Hillebrand  started  the  
idea  of  using  the temperature  shift  as  an  alternate  to  calendar  rhythm  
method. 
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In  1946,  Papanicolaou  first  discovered  that  cervical  mucus, when  
dried  forms  arborizations  showing  a  characteristic  pattern  closely  identical  
to  fern  or  palm-leaves. This  typical  fern-pattern, appears  only  at  mid-
cycle.25 
In  1962, Edward  F. Keefe  observed  the  entire  menstrual  cycle  and  
noted  the  physical changes  of  the  cervix  such  as  change  in  consistency  
and  change  in  shape  of  cervical  os.  
Many  fertility  researchers  did  number  of  studies  with  Basal  Body  
Temperature. Among  them  most  famous were  R. Vollman  in  the  United  
States, G.K. Doring  in  Germany, B.Vincent  in  France, John  Marshall  in  
Britain  and  a  team  from  the  World  Health  Organization.  
In 1970, V. Insler  issued  a  method  of  "scoring" cervical  fluid  based  
on  its  physical  features.  In 1972, John  and  Evelyn  Billings  in  Australia  
developed  a  system  for  a  woman  to  detect   her  own  fertility  period  
identified  as "Billings" or "Ovulation"  method  by  detecting  and  charting  
her  own  cervical  mucus  characteristics.26 
In 1957, Andreoli  and  Della Porta  from Torino, put  forward  the  idea  
of  crystallization  in  saliva.27,28,29 Later  in  1969  Dr. Biel  Cassals,  a  Spanish  
gynaecologist  first  investigated  this  phenomenon  of  crystallization  in  saliva  
and  presented  to  the  Barcelona  Medical  Board. He  found  that  the  fern  
tree  like  pattern  in  saliva  is  nearly  identical  in  appearance  to  the  ferning  
effect  of  cervical  fluid. In  1971  he  invented  a  microscope  to  test  for  
ferning  in  saliva.8,30 
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Professor  Linderstorm-Lang  allowed  a  couple  of  drops  of  saliva  to  
dry  and  viewed  crystal  formations  like  that  of  cervical  mucus  but  it  is  
thin and  scattered. The  concentration  of  NaCl  in  normal  saliva  is  about  
0.16%. To  that  he  added  0.9%  NaCl  and  observed  enormous  crystal  
formation  with  exactly  same  appearance  like  those  found  in  cervical  
mucus. 31 
In  1973, the  World  Health  Organization  organised  an  assignment  to  
emphasis  research efforts  on  ovulation  detection. By  the  late  1970s, their  
aim  was  redefined  to  focus  on the  detection  of  the  fertile  period, specially  
the  development  of  immunochemical  tests for  prediction  of  ovulation.32 
By  the  1980s, the  nature  of  natural  fertility  signs  gained  more  
interest  and  began  to  be  documented. Awareness  and  research  about  
infertility  also  started. Medical  researchers  and  medical  professionals  also  
initiated  to  study  more  advanced  methods  of  ovulation  detection  like  
hormonal  assays  to  detect  hormones  in  urine  and  blood  and  pelvic 
ultrasonography. 
Ovulation  tests  were  first  approved  for  use  in  the  public  in  1984. 
Since  then, several home  diagnostic  agents  have  been  accepted  by  the  
Food  and  Drug  Administration (FDA)  to  support  patients  in  monitoring  
and  diagnosing  fertile  period  and  time  of ovulation. Sales  for  home  
diagnostic  agents  exceeded  $1  billion  in  1998  with  gradual rise  in  purchase  
of  people  after  then.33,34 Home  diagnostic  agents  are  an  inexpensive,  
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convenient  means  for  women  to  take  care of  their  own  health.  Lots  of  
easy-to-use  tests  are  now  available  to  predict ovulation. 
In  recent  years,  information,  tools  and  discussion  on  the  Internet  
have  educated hundreds  of  women  about  their  fertility  signs  and  this  
would  help  them  to  conceive  and  detect  fertility  issues  or  family  planning  
concerns. 
The  important  features  of  natural  family  planning  are  identifying  
the  naturally occurring  signs  and  symptoms  of  fertility. It  will  be  useful  
for  a  couple  either  to  attain  pregnancy, ensuring  to  have  intercourse  during  
the  fertile  time  or  to  abstain  from  intercourse  to  avoid  pregnancy  during  
that  period .35 
Menstrual  cycles  can  have  phases  of  fertility  period  like  pre-
ovulatory  infertility period,  next  is  a  period  of  fertility,  and  then  period  
just  before  the  next  menstruation  that  are  infertile  (post-ovulatory 
infertility).  Awareness  of  fertility  period  can  be calculated  using  primary  
fertility  signs,  cycle  history,  or  both. 
Fertility  signs: 
The  primary  signs  of  fertility  are  basal  body temperature (BBT),  cervical  
mucus,  and cervical  position.  The  secondary  fertility  signs  related  with  
certain  phases  of  the menstrual  cycle,  such  as  abdominal  pain  and  
heaviness,  back  pain,  breast  tenderness, and  mittelschmerz. 
  
19 
 
Basal  body  temperature: 
In  women,  during  ovulation  a  fall  in  BBT  between  was  0.5°F (0.4-
0.7°F). During  the luteal  phase,  the  temperature  rise  by  0.7-0.9°F. This  may  
lasts  until  the  next menstruation. This  temperature  shift  may  be  used  to  
determine  the  onset  of  post-ovulatory  infertility.  The  rise  in  temperature  
is  due  to  the  hormone  progesterone.  So   this  method  estimates  ovulation  
day  based  on  average  cycle  length  or  previous  cycle. 
Ovulation occurs 1-2 days  before  temperature  rise  as  per  the  study  
by  Doring.36  Though  this  is  a  time-honored  technique  to  document  
ovulation, but  the  temperature rise  usually  occurs  after  ovulation, making  it  
nearly  difficult  to  identify  the  days  of fertility  to  achieve  pregnancy  within  
the  same  menstrual  cycle.21 
Cervical  mucus:  
Under  influence  of  hormone  oestrogen , the  mucus  increases  in  
quantity  and  becomes gradually  more  slippery  and  elastic  till  a  peak  is  
reached  occurring  in  preovulatory period. Thereafter, the  mucus  becomes  
thicker, scanty  and  dry  under  the  influence  of progesterone  until  the  start  
of  next  menstrual  bleed. The  physiochemical  properties  of  cervix  during  
ovulation  period  shows  various  changes  like  volume  of  mucus  reaches  
maximum  of  200-700mg/24  hours  and  in  non ovulatory  period  is about  
60mg/24hrs. Transparency  and  rarefaction  index  is  maximum  at  ovulation. 
Viscosity  is  lowest  and  spinnbarkeit  which  is  the  ability  to  pull  out  
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filament  from  mucus  is  highest  during  ovulation. pH  is  alkaline  and  muscle  
tone,  tone  of  external  os  is  hypotonic  during ovulation. 37 
In  2002, Fehring  analysed  data  from  four  published  studies  that  
related  the  self-determination  of  the  peak  day  of  cervical  mucus  with  the  
urinary  luteinizing  hormone (LH) surge. He  found  that  the  peak  day  of  
ovulation  as  detected  by  cervical mucus  is  a  very  accurate  means of  
defining  peak  fertility  and  an  equally  precise  means  of  determining  the  
day  of  ovulation  and  the  beginning  and  end  of  the  fertile period.38 
Billings  et  al. trained 22 women  volunteers  about  the  Creighton  
Model System vaginal discharge  method  to  recognize  vaginal  mucous  
discharge   pattern  and  to  record  their observations  in  a  daily  record. The  
occurrence  of  clear, slippery, lubricative  mucus, having  the  physical  
characteristics  of  raw  white  of  egg  was  considered  as  symptom of  fertile  
period. Through  successive  measurement  of  plasma  LH  the  day  of  
ovulation  was  identified.39 Flynn  and  Lynch  correlated cervical  mucus  
grades  with  plasma  LH, estradiol  and progesterone.40 
The  phenomenon  of  ferning, being  dependent  on  hormonal  activity  
is  nearly  associated  with high  circulating  level  of  oestrogen  during  the  
time  span  of  receiving  spermatozoa. It   disappears  during  increased  
progesterone  circulation  related  to  luteal  phase  until  oestrogen  once  again  
gains  dominance. 41,42 
Professor  Linderstrom-Lang  from  Carlsberg  Laboratory  recognised  
the  substances responsible  for  crystallisation  formation. He  found  that  the  
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crystals  were  common  salt  and  the  crystallisation  was  due  to  presence  of  
mucin. He  developed  shapes  rightly  like  that  of  cervical  mucus  by  adding  
0.9%  NaCl  to  normal  egg  albumin.31 
Mac Donald and Roland  found  that  the  main  electrolytes,  sodium  
along  with  calcium  were  responsible  for  the  phenomenon  of  crystallization  
in  cervical  mucus  named  as  fern  mucus  reaction.43,44 According to 
Toyoshima, sodium  chloride  occupied  90%  of  all  inorganic  salts  in  cervical  
mucus  linked  to  ramification.  
Ratomir  Ganovic  et  al  observed  crystallization  pattern  in  Cervical 
mucus.  Each  day  morning  in  the  periovulatory  period  of  the  cycle, the  
cervical  mucus  is  taken  in  a  glass  slide, smeared  and  allowed  to  dry. The  
slides  were  seen  under  a  microscope. The  findings  noted  were, on  the  10th  
and  11th days of  cycle, there  occurred  partial  crystallization  of  NaCl  with  
infrequent  tiny  fern  branches  as  a  result  of  weak  oestrogen  activity. On  
12th  and  13th  days, due  to  rise  in  oestrogen  activity, the  crystallization  
appeared  as  thin  fern  branches  that  occupied  only  a  part  of  the  microscope  
field .On  14th  and  15th days, at  the  time  of  maximum  oestrogen  activity , 
crystallization  appeared  in  the  form  of  coarse  and  thick  fern  or  palm  
leaves  that occupy  the  whole  microscope  field.27,45 
F.C.Chritian  studied  the  detailed  structure  of  fern  pattern  in  dried  
ovulatory  cervical mucus  using  polarizing  microscopy  and  conventional  x-
ray  devices. They  could  demonstrate  that  structure  of  dendrites  appear  
more  complex  and  composed  of  mainly  NaCl  and  also  KCl. Under  the  
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polarizing  microscope, they  appear  as  isotropic crystals. These  crystals  
appear  7 days  long  within  fertile  period. . Maximum  anisotropy  parallels to  
the  maximum  production  of  cervical  mucus, spinbarkitt   and  basal  body  
temperature  rise. Anisotropic  structures  spontaneously  occur  in  ovulatory  
cervical  mucus. These  structures  are  made  of  sodium  and  potassium  
sulphates.41 
Cervical  position: 
The  position  and  texture  of  cervix  changes  in  different  periods  of  
menstrual  cycle.  In the  infertile  phase  of  menstrual  cycle,  the  cervix  will  
be  low  in  the  vaginal  canal  and feel  firm  to  the  touch  and  the  os  will  
be  closed.  In  fertile  phase,  the  cervix  will  rise higher  in  the  vaginal  canal  
and  becomes  softer  to  touch  and  the  os  will  become more  open.  After  
ovulation  has  occurred,  the  cervix  will  revert  to  its  infertile  position.37 
Calendar-based  method:  (rhythm  or  Knaus Ogino  method) 
This  method  is  based  upon  avoidance  of  sexual  intercourse  around   the  
day  of  ovulation. In  a  28-days  cycle, ovulation  usually  occurs  on  the  14th  
day  of  the  28 days cycle  of  a  menstrual cycle, though  it  can  occur  at  
anytime  between the  12th  and  16th day.  
Spermatozoa  dropped  in  the  female  genital  tract  may  live  for  72 h. 
The  ovum  itself may  live  for  12–24h. Hence  intercourse  between  the  11th  
and  17th  day  may  end  in  pregnancy. So  the  safe  period  is  calculated  from  
the  first  day  of  the  menstrual  period until  the  10th  day  of  the  cycle  and  
from  the  18th  to  the  28th day. One  other  method  to  calculate  the  risk  
23 
 
period, is  from  3 days  before  ovulation  to  3 days  after  ovulation. Usually  
ovulation  occurs  14  days  before  next  period.  So,  for  a  35-day  menstrual 
cycle, ovulation  will  occur  on  the  21st  day. Then  the  risk  period  is  from  
day  18  to day  24.  
The  other  method  described  independently  by  Knaus Ogino  method, 
the  fertile  period  is  calculated  by  subtracting  18 days  from  the  shortest  
cycle  and  10  days  from  the longest  cycle , which  provides  the  first  and  
the  last  day  of  fertile  period,  respectively.23,24,37 
Symptothermal  methods:  
These  methods  include  other  symptoms  such  as  cervical  changes, 
intermenstrual  pain, breast  tenderness  and  backaches,  but  these  are  
secondary  signs  of  ovulation  and  are recommended  to  be  used  in  
concurrence  with  other  methods  like  mucus  and  BBT. 
In 2003,G.Freundl  tested  fertile  period  using  seven  different  cycle  monitors 
like  mini microscope  which  detects  ferning  in saliva  and  cervical  mucus,  
hormone  computer  which  detects  LH, estradiol  in  urine, temperature  
computer  uses  cycle  length  and  temperature  shift  and  the  symptothermal  
method  in  seventy  two  women. The  clinical  fertile  window  was  found  by  
detecting  ovulation  day  using  daily  urinary  LH  measurement  and  daily  
ultrasound  follicle  study. The  fertile  days  by  this  method  was  compared  
to  other  systems. He  found  that  symptothermal  method  to  be  superior  than  
other  methods  to  detect  fertile period.46 
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Other  methods  of  tests  for  ovulation: 
Endometrial  Biopsy: 
Endometrial  biopsy  consists  of  curetting  small  pieces  of  the  
endometrium  from  the uterus  and  the  tissue  removed  is  fixed  in  formalin  
saline  and  send  for  histological examination. Secretory  changes  occurs  if  
the  cycle  is  ovulatory. Nowadays  not  done  routinely.37 
Urine Luteinizing Hormone (LH) Kits: 
Currently, for  diagnostic  and  therapeutic  purposes, quick, visual  
semiquantitative  enzyme immunoassay  dipstick  test, called OvuSTICK, is  
manufactured  for  testing  daily  LH  level in  urine  and  to  detect  the  LH  
surge  around  the  period  of  ovulation.47 
Kits  for  home  measurement  of  urine  LH  are  commercially  available. Urine  
LH  is  an accurate  imminent  marker  for  ovulation. Increase  in  urine  LH  
occurs  on  average  about  24  hours  before  ovulation, although  there  is  
considerable  variation  from  about  16 hours  to  48 hours  before  ovulation. 
Ovarian  monitor: 
This  system  is  created  based  on  an  enzyme  immunoassay  for  
urinary  metabolites  of estrogen  and  progesterone. The  start  of  the  fertile  
window  is  obvious  by  the  rise  in  oestrogen  above  a  certain  threshold, and  
the  end  is  marked  by  the  rise  in  progesterone  above  a  threshold . This  
assay  system  has  been  found  to  be  accurate  in  clinical  use.48 But  it  
requires  a  woman  to  collect  her  urine  to  a  standard  volume,  and  should  
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spend time  for  running  the  assay  on  days  when  she  wants  to  check  for  
fertility  status. But   this  is  not  practically  possible.21 
Radioimmunoassay  is  nowadays   used  to  assess  the  plasma  
progesterone  levels  in  mid-luteal  phase  in  cases  of  infertility.  However,  
with  development  of  enzyme  immunoassay,  urinary  pregnanediol  is  
estimated  using  a  home ‘dip-stick’  test  to  determine  occurrence  of  
ovulation. Salivary  progesterone  concentration  is  assessed  by  using   solid-
phase  enzyme  immunoassay. 49 
ClearPlan  Easy  Fertility  Monitor: 
The ClearPlan  Easy  Fertility  Monitor  is   an  enzyme  immunoassay  
for  the  estrogen metabolites  estrone-3-glucuronide  and  LH  in  the  urine. It  
is  simple  and  consists  of  test strip  and  a  computer  monitor. The  test  strip  
is  dipped  in  urine  and  placed  in  computer  monitor. The  monitor  identifies  
the  time of  maximum  fertility  coinciding  with  the  initial  rise  in  oestrogen, 
and  also  detects  urine  LH  surge.50 
Salivary Electrolytes  and  Ferning: 
Richard  J  Fehring  designed  a  device  named  CUE  which  detect  and  
record  the electrical  resistance  of  salivary  and  vaginal  secretion. According  
to  him, electrical resistance  and  ionic  concentration  in  both  the  secretions  
change  in  response  to oestrogen. As  the  dominant  follicles  grows  the  level  
of  ACTH  and  aldosterone  cause increased  sodium  chloride  production. 
CUE  uses  an  oral  probe  to  measure  salivary  resistance. He  measured  
salivary  electrical  resistance  SER  and  vaginal  electrical  resistance  VER  in  
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11  menstruating  women  and  compared  with  urine  LH. 51,52  Bruce H Albrecht  
et  al  also  used  the  same  principle  and  could  find  SER  and  VER  may  be  
used  as  a  simple  basic  method  to  predict  and  confirm ovulation.53 
A  computerized  version  of  this  device, the  OvaCue  with  its  cue  
probe  automatically  detects,  reads,  records  and  interprets  resistance  in  
salivary  secretions  through  the  use of  a  spoon-sized  sensor  on  tongue  for  
five  seconds  each  morning. Computerized software  stores  the  data  and  
predicts  the  entire  fertile  window  including  ovulation. This  device  is  
commercially  available.54,55  
Salivary  ferning  kits: 
The  changes  in  salivary  electrolyte  concentrations  also  forms  ferning  
patterns  that  can  be  observed  in  dried  saliva. Increased  salivary  ferning  
indicate  gradation  of  estrogen  dominance  and  greater  fertility. Saliva  
samples  found  during  the  ovulatory  period  shown  a  rich  ferning  pattern  
which  was  not  recognised  in  either  the  pre‑ ovulatory  or  the  
post‑ ovulatory  period. Number  of  devices  to  observe  the  ferning  patterns  
of  dried  saliva  have  been  developed  to  identify  fertile  days  when  
intercourse  can  result  in  pregnancy.21 
Salivary  ferning  test  has  many  advantages  such  as  its  high  accuracy, 
low  cost, convenience,  re-usable  and  easy  to  use. The  physical  changes  of  
fern  pattern  in  saliva  shows  the  estrogenic  changes  with  salts  they  form  
cornified  epithelial  cells  with  hair-like  structure  in  ovulatory  phase  during  
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menstrual  cycle  in  humans  in  order  to  predict ovulation. The  ferning  
phenomenon  was  shown  to  be  dependent  on  hormones. 
Ovulation  in  relation  to  LH  surge: 
Various  studies  have  been  studied  based  on  LH  surge  so  that   time  
of  ovulation  occurring  after  LH surge  can  be  used  to  determine  whether  
LH  surge  can  be  used  as  a  suitable  marker  of   ovulation. Pauerstein  et  al  
in  1978  found  that  ovulation  occurred  9 hrs  after  LH  peak.56 
The  World  Health  Organisation  in  1980  proved  by  using  
laparotomy, serum  LH  rise  and  peak  and  ovulation  occurs  16.5h  after  LH  
peak.57,58 They  attempted  to  discover  the  sequential  relationships  between  
ovulation  and  distinct  changes  in  the  plasma  level  of  oestradiol-l7B, 
luteinizing  hormone, follicle-stimulating  hormone  and  progesterone.59 
Behre  in  2000  found  in  53  normal  women  ovulation  could  be  seen  
in  14.8 %  women  on  day  of  urine  LH  surge  and  76.3%  women  on  the  
next  day.50 
Siebel  in  1982  and  Taymor  in  1983  found  after  36-38 hrs  of   LH  
surge,  ovulation  occurred .60,61 
O Connor  in  2006  found  in  normally  cycling  women  LH  surge  as  
gold  standard  and  LH  surge  occurred  on  day  13-14  from  LMP  and  by  
ultrasound  ovulation  took place  in  mean  day  14.3.62 
Luciano et al. in  1990  found  that  assessment  of   LH  surge  either  in  
serum  or  urine during  midcycle,  is  the  most  valuable  predictor  of  
ovulation.59,63 
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Serial  Ultrasound:  
Ovarian  follicular  ultrasound  (by transvaginal scanning) is  highly  
precise  for  identifying the  incidence  of  ovulation. By  serial  examination, 
the  development  of  the  follicle  can be  followed, and  the  time  of  rupture  
can  be  recorded. However, its  high  cost  and  limited  availability  prevent  its  
routine  use. 
A  normal  ovary  consists  of  8-10  follicles  from  2mm  to  28mm  in  
size.  Antral  follicles are  those  group  of  follicles  of  size  with  less  than  
18mm  and  the  follicles  of  size  in the  range  of   18-28mm  are  known  as  
dominant  follicles. When  there  is  a  surge  of luteinizing  hormone  (LH), a  
preovulatory  follicle  typically  measures  18–28mm.64 
Ultrasound  criteria  for  ovulation  included  the  appearance  of  three  
or  more  of  the following  changes:  
1) acute  reduction  in  size  or  disappearance  of  the  follicle, 
2) the  acute  appearance  of  thickened,  irregular  borders,  
3) increased  echogenicity  within  the  follicle, 
4) increased  free  intraperitoneal  fluid  or  fluid  in  Douglus  pouch 11,65 
 
In  women,  time  of  ovulation  is  very  important  for  natural  
conception,  avoid  unwanted  pregnancy  and  in  vitro  fertilization  to  detect  
effective  time  of  implementation  for  assisted  reproductive  technology 
(ART).  Success  in  invitro  fertilization  and  embryo transfer  has  been  related  
with  the  precise  time  of  ovulation. 
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SALIVA: 
Saliva  is  secreted  from  three  paired  extrinsic  salivary  glands  in  humans  
such  as  parotid,  submandibular,  and  sublingual  glands, in  addition  there  
are  many  buccal  glands. Salivary  glands  are  compound  glands. It  consists  
of  acini  lined  by  secretory  glandular  cells  and  system  of  small  ducts  
directing  saliva  into  the  oral  cavity. 
The  secretion  is  under  control  of  both  the  parasympathetic  and  
sympathetic  nervous  systems.  Parotid  glands  and  submandibular  glands  are  
contributing  around  25%  and  70%,  whereas  the  sublingual glands  account  
for  only  5%  of  total  salivary  output. Salivary  fluid  is  an  exocrine  secretion. 
It  consists  of nearly  99%  of  water, containing  a  number  of  electrolytes  
like  sodium,  potassium, calcium,  chloride, magnesium, bicarbonate, and  
phosphate. It  is  also  made  of  proteins, characterised  by  enzymes, 
immunoglobulins  and  other  antimicrobial factors,  mucosal glycoproteins,  
traces  of  albumin  and  some  polypeptides  and  oligopeptides  which  are  
important  to  oral  health. There  are  also  glucose  and  nitrogenous  products, 
such  as  urea and  ammonia. The  components  interact  with  each  other  and  
are  involved  in  various  functions  of  saliva. 
Daily  secretion  of  saliva  ranges  from  1000  to  1500 ml. Saliva  is  
made  of  two  kinds  of  secretion: (1)  serous, containing  ptyalin, enzyme  like  
alpha  amylases  for  starch  digestion and  (2) mucous  secretion  which  protects  
and  moist  the oral  cavity.  The  normal  salivary  pH  is  between  6.0 and  7.4.  
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Total  or  whole  saliva  refers  to  the  complex  mixture  of  fluids. The  
fluids  are  produced from  the salivary  glands, the  gingival  fold, oral  mucosa  
transudate, also  from  mucosa  of  the  nasal cavity  and  pharynx, non-adherent  
oral  bacterial, food  remainders, desquamated  epithelial  and  blood  cells, as  
well  as  few  medications  or  chemical  products. 
At  rest,  without  exogenous  or  pharmacological  stimulation,  there  is  
a  small,  continuous  salivary  flow,  denoted  as   basal  unstimulated  secretion. 
It  is  present  in  the  form  of  a  thin  film  that  covers, moisturizes,  and  
lubricates  the  oral  tissues. Stimulated  saliva  is  produced  by  some  
mechanical, gustatory, olfactory, or  pharmacological  stimulus. This  
contributes  to  around  80%  to  90%  of  daily  salivary  production.66 
The  secretion  of  saliva  takes  place  in  two  stages; the  first  stage,  
takes  place  in  acini  and, at  the  second  stage, ducts  are  involved. Primary  
secretion  are  from  acini  containing  salivary  enzymes  in  ionized  solution  
and  the  ions  which  has  concentration  similar  to  that  of  plasma. So  the  
saliva  formed  initially  in  acini  is  isotonic  to  plasma. However,  the  ionic 
composition  of  the  primary  secretion  is  considerably  modified  in  the  ducts.  
As  it  passes  through  the  network  of  ducts, it  becomes  hypotonic. This  
process  occurs  by  following mechanisms: 
1. Sodium  ions  are  actively  reabsorbed  from  excretory  ducts  and  potassium  
ions  are  actively  secreted  in  exchange  of  sodium. Along  with  sodium, 
chloride  is  also  reabsorbed  passively  due  to  electrical  negativity of -70mv  
created   by  greater  sodium  reabsorption  than  potassium  secretion. So,  the 
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concentration of  sodium  as  well  as  chloride  ions  decreases  while  the  
concentration  of  potassium  increases. 
2. Bicarbonate  ions  are  secreted  into  excretory  ducts  in  exchange  for  
chloride  ions. Thus  some  chloride  ions  are  passively  reabsorbed  from  
excretory  ducts . As  a  result  of  these  processes  of  active  transportation,  
under  conditions  of  rest,  the  concentration  of  sodium  and  chloride  ions  
in  saliva  is  about  15 mEq/lit  each. This  constitutes  approximately  1/7  to 
1/10  of  their  concentration  in  plasma. Further , the  concentration  of  
potassium  ions  is  about  30 mEq/lit  which is  nearly  7 times  higher  than  in  
plasma. The  concentration  of  bicarbonate  ions  is  about  50-90 mEq/lit , 
being 2 to  4  times  more  than plasma. 
When  salivary  secretion  is  stimulated  maximally  by  various  stimulus  
like  food, fluids, drugs, production  of  saliva  is  increased  such  that  the  
concentration  of  ions  in  saliva  considerably  changes. Primary  formation  of  
saliva  from  acini  is  increased  20  times  faster. Due  to  large  quantity  of  
production , the  formed  saliva  from  acini  passes rapidly  through  the  duct  
such  that  absorption  and  secretion  of  ions  that  normally  takes place  in  
ducts  are  considerably  reduced. 
Accordingly, when  saliva  is  secreted  more  intensively,  the  
concentration  of  NaCl  is  higher  than  normal  and  amounts  to  1/2 to 2/3  of  
that  of  plasma, while  the  concentration  of  potassium  is  lower  than  normal  
only  4  times  higher  than  in  plasma. The  hypo tonicity  of saliva  due  to  
low  levels  of  glucose, sodium, chloride, and  urea  and  its  ability  to  dissolve  
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substances  allows  the  gustatory  buds  to  distinguish  various  flavours  of  
food.2 
Saliva  is  important  for  conserving  and  sustaining  the  health  of  oral 
cavity. Now a  days, it  is  been  used  as  a  source  of  non-invasive  analysis  
of  metabolism  and  removal  of  many  drugs. Also  it  signifies  as  an  
increasingly  useful  supplementary  means  of  diagnosis  of  many  systemic  
illness  and  monitoring  general  health. Many  researches  on  saliva  are  being  
made,  using  sialometry  and  sialochemistry. It  is  also  being  used  as  an  
indicator  of  risk  for  many  diseases  creating  an  association  between  oral  
and  systemic  health. 
Regulation  of  salivary  secretion: 
Influence of local provocation: 
Salivary  secretion  increases  when  food  mechanically  irritates  the  
surface  of  glandular  cells. Placing  a  smooth  objects  in  oral  cavity  results  
in  considerable  hypersalivation  while  rough  objects  cause  weaker  
salivation. Chemical  irritation, like  taste of  sour, causes  abundant  hyper 
salivation,  often  as  high  as  5 ml  per  minute  or  8  to  20 times  more  than  
the  basal saliva  secretion. 
Nervous regulation of saliva secretion: 
Submandibular  and  sublingual  glands  are  controlled  by  neural  
impulses  from  upper  salivary  nuclei  and  parotid  gland  by  impulses  from  
lower  salivary  nuclei. These  nuclei  are  located  near  the  junction  of  medulla  
oblongata  and  pons. They  are  stimulated  by  sensations  for  taste and  touch  
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of  the  tongue  and  other  areas  of  oral cavity. Salivation  can  also  be  
controlled  by  higher  centres. Impulses  from  central  nervous  system  can  
stimulate  or  inhibit  salivation  centres.  For  example, salivation  exaggerates  
when  someone  smells  or  eats  his  desired  food. The  centre  for  appetite  in  
the  brain  is located  near  the  parasympathetic  centres  in  anterior  
hypothalamus  and  is  stimulated  by signals  from  areas  in  cerebral  cortex  
responsible  for  taste  and  smell.9 
Role  of  autonomous  nervous  system : 
Parasympathetic  stimulation: 
Stimulation  of  parasympathetic  nerve  exaggerates  gland  secretion  
by  causing  dilatation  of  blood  vessels. Additional  vasodilation  occurs  by  
secretion  of  kallikrein  from  activated  salivary  cells  which  splits  alpha  2  
globulin, a  blood  protein  to form  bradykinin  which  is  a  strong  vasodilator. 
Sympathetic stimulation : 
Salivation  is  also  increased  slightly  by  sympathetic  stimulation. The 
sympathetic nerves takes  its  origin  from  the  superior  cervical  ganglia  and  
goes  along  the  surfaces  of  the  blood  vessel  walls  to  the  salivary  glands. 
Hormonal  regulation  of  salivation: 
Certain  hormones  like  aldosterone,  oestrogen  and  progesterone, play 
a  vital  role  in  secretion  and  composition  of  saliva . 
Excessive  secretion of  aldosterone  causes  increased  reabsorption  of  Na  and  
Cl  while  the secretion of  K increases; thus,  the  concentration  of  NaCl  in  
saliva  is  reduced  and  the  concentration  of  K  is  increased. 
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Stimulation  by  estrogens  intensifies  the  salivary  secretion  with  larger  
quantity  of  water, Na  and  Cl. Increased  concentration  of  NaCl  in  saliva  
leads  to  its  crystallization. Progesterone  decreases  quantity  of  saliva,  its  
water  content  and  concentration  of  Na  and  Cl. 
Recently,  there  is  great  interest  in  the  development  of  overall  noninvasive  
methods  for  ovulation  detection.  
Human  saliva  is  a  good  investigative  tool  and  impending  diagnostic  
fluid  for  various diagnostic  purposes.  It  may  be  called  as  "mirror  of  the  
body” as  any  modification  in  the  body  might  be  reflected  in  saliva.  Around  
ovulation,  it  shows  variations  in  hormonal  level,  ultra structure,  pH,  flow  
rate,  buffering  capacity  and  electrolytes  level.67,68 
Saliva  has  become  an  essential,  noninvasive  diagnostic  medium  as  
it  reflects  many  blood  borne  substances.  It  is  made  of  95%  water  and  
5%  of  various  minerals, electrolytes,  hormones,  enzymes,  immunoglobulins,  
cytokines.  About  60%  of  total  saliva  protein  content  is  represented  by  
α‑ amylase.  Other  saliva  proteins  are  heat‑ shock protein,  lactoferrin,  
immunoglobulins,  carbonic  anhydrase  and  albumin,  many peptides  like  
cystatins,  statherin,  lysozyme,  histatins,  and  proline‑ rich  proteins. There  
are  also  many  small  peptides  due  to  the  salivary  proteolytic  activity.69 
It  is  described  that  during  stress, the  sympathetic  nervous  system,  
parasympathetic  nervous  system,  hypothalamic-pituitary-adrenal  axis  and  
immune  system  brings  about  change  in  the  biomolecules  in  saliva.  
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Ovulation  may  also  be  related  to  an  inflammatory-like  response  and  
considered  as  stress  to  women.70 
Salivary  changes  during  ovulation:  
Chemical  changes: 
In  accordance  with  menstrual  cycle,  there  occurs  cyclic  changes  in  
various  physical  properties  and  biochemical  constituents  of  saliva.  These  
are  known  to  replicate  accurately  the  hormonal  changes  associated  with  
the  menstrual  cycle  and  may  be  used clinically  to  determine  the  time  of  
ovulation.  They  aid  as  a  potential  non-invasive  biomarker  to  predict  
ovulation. 
High  concentrations of  sodium  and  chloride  were  found  in  saliva  
during  ovulation phase  when  compared  to  that  of  other  phases  of  menstrual  
cycle.70 
On  comparing  the  concentrations  of  sodium  and  potassium  during  
menstrual  and  fertile  period  from  saliva  of  fifty  female  it  confirmed  that  
there  is  prominent increase in sodium and potassium at midcycle, whereas 
potassium levels decreased significantly. 
The  flow  rate, pH, buffer  capacity & concentrations  of  sodium, chloride 
rises, while  other  electrolytes  level  falls  during  the  fertile  periods  of 
menstruation.71 
Various  protease  enzymes  mediate  the  ovulation  during  LH  surge  
such  as: plasminogen activators (PAs),  matrix  metalloproteinases (MMPs), 
kallikreins  and  tissue-specific inhibitors  of  MMPs (TIMPs).  Uridine   
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diphosphoacetylglucosamine  pyrophosphorylase (UDP)-N-acetylglucosamine  
pyrophosphorylase  was  found  to  be  a  specific  protein differentially  
expressed  in  human  saliva  during  the  ovulation  phase.72 
Salivary  enzymes  as  well  as  hormones  like  estrogen  and  
progesterone  fluctuate  during the  ovulatory  period  of  the  menstrual  cycle.  
Reactive  oxygen  species (ROS)  play  a number  of  noteworthy  roles  in  
female  reproductive  biology  including  uterine environment,  oocyte  
maturation  and  ovulation,  corpus  luteum  function  and  regression. Estrogens  
have  been  found  to  have  in  vitro  antioxidant  effects  and  decreases  ROS  
and  free  radicals  production.  Peroxidase  have  been  shown  to  act  as  marker  
enzymes  in  estrogen‑ responsive  tissues.  Cockle  and  Harkness  observed  
that  the  activity  of human  salivary  peroxidase  increased  considerably  during  
ovulation. They  also  observed there  is  a  midcycle  peak  in  human  salivary  
enzymes.73 
The  amino acids  exclusively  present  during  the  fertile  period  are  
Glutamic acid, Arginine,  aspartic  acid  and  GABA. GABA, glutamic  acid, 
glutamine and  arginine  are  estrogenic  dependent. Among  the  other  amino  
acids, arginine  could  be  seen  in  saliva  only  during  the  ovulatory  phase. 74 
Uric  acid  seems  to  be  the  main  antioxidant  present  in  saliva  and  
has  a   concentration  similar  to  that  of  serum.  Other  salivary  antioxidants  
include  ascorbic  acid  and  albumin,  but  concentrations  of  these  are  lower  
than  that  of  serum.  
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High  level  of  circulating  estrogens  during  ovulation,  stimulates  the  
breakdown  of  glycogen  and  other  materials  into  glucose. This  glucose  will  
be  used  for  energy  release  in  the  cell.  GAG  content  in  saliva  showed  a  
characteristic  pattern  of  fluctuation  during  the  normal  menstrual  cycle  with  
a  peak  at  ovulation.75 
The  activity of  alkaline  phosphatase  and  protein  increased  during  
ovulation. The  protein  range  was  highest  at  ovulatory  phase  when  
compared  to  preovulatory  and  postovulatory  phases.  This  increase  in  
activity  during  ovulatory  phase  is  comparable  with  estrogen  peak. 
Therefore,  protein  assay  of  saliva  seems  to  be  a  reliable  marker  for  
ovulation  prediction.76 
 Ben  Aryeh,  et al  observed  a  significant  increase  in  the  concentration  
of  phosphate  during  midcycle. The  amount  of  sialic  acid  has  decreased  
during  ovulation.  Bacterial count  in  saliva  increases  both  during  
menstruation  and  at  ovulation.77 
Preti et al.  monitored  saliva  for  the  concentration  of  certain  long-
chain  alcohols, particularly  dodecanol  that  peaks  during  ovulation. Law et 
al.  discloses  that  saliva  calcium  and  magnesium  concentration  drops  three  
to  four  days  prior  to  ovulation.15 
In 1989, Tandra  Pal  and  Asok  K  of  Calcutta  University  College  of  
Science, India, decided  that  the  estimations  of  salivary  LDH  and  LAP  
events  are  consistent  for  the prediction  of  beginning  of  ovulation 78 
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Didi  D M  Braat  et al  compared  17 β-oestradiol  concentrations  for  
31  saliva  samples with  serum  17 β-oestradiol  values. There  was  a  strong  
correlation  between  saliva  and  serum  17β-oestradiol.79 
Puskulian  went  further  ahead  and  compared  parotid  and  
submaxillary  salivary electrolytes. He  collected  daily  samples  of  parotid  
and  submaxillary  saliva  from  eight females  during  a  complete  menstrual  
cycle  and  found  drop  in  the  submaxillary  salivary  calcium  and  sodium  
concentration  at  ovulation  when  compared  with  other phases  of  menstrual  
cycle . Parotid  salivary  calcium  concentrations  at  the  same  phase of  the  
menstrual  cycle  were  compared  and  no  significant  changes  were  noted.80 
Junquiera  and  Toledo, found  that  in  animals  testosterone  affects  the  
content  of  submaxillary  saliva. 
Physical  changes: 
In  latest  years, different  types  of  small  hand-held microscope  
“fertility testers”  are developed  and  marketed  with  the  aim  of  self-observing  
ferning  patterns  in  either  saliva  or  cervical-vaginal  mucus. Ideally, the  
ferning  or  crystallization  or  arborisation  of pattern  of  saliva  coincides  with  
the  fertility  period  in  female. The  ferning  pattern  is  caused  by  NaCl, which  
episodically  rises  under  the  effect  of  estrogen.81 A  handler  of  these  
“fertility  tester”  microscopes  either  licks  or  smears  saliva  on  a small  plastic  
slide  and  allows  it  to  dry. After  about  5–20 min, she  looks  through  the 
lens  for  a  distinct  ferning  pattern. If  ferning  pattern  is  seen, the  woman  is  
fertile; if there  it  is  not  seen, she  is  not  fertile. These  microscopes  are  so  
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small  that  can  be placed  in  a  purse,  reusable, and  have  a  magnification  of  
about  50–100  times  and  range  in  price  from  US  $39  to  $75.82 It  is  also  
available  in  India.  
Studies  have  been  done  using  miniature  devices  like  PC 2000, PG 
53. These  devices  utilizes  the  ferning  phenomenon  which  happens  when  
cervical mucus or saliva are allowed to dry on  a   fat-free  slide  in  open  air.83,84 
At  present, there  are  about  13  pocket  microscopes  available  intended  
for  detecting ferning  in  body  fluids  that  have  either  received  patents  from, 
or  have  filed  patent applications  with, the  U.S. Patent  Department. All  vary  
with  regard  to  structure, illumination, magnification  and  optics  that  may  
have  consequence  on  the  results obtained.85 
Rotta  et  al  assessed  every  day  serum  17  beta  oestradiol  and  LH  
levels  by radio-immune methods. They  also  noted  basal  body  temperature  
daily. This study determined  a positive  correlation  between  oestrogen  activity  
and  crystallization  of  saliva, definite  correlation  between  LH  surge  and  
crystallization  of  saliva  and  also  between  follicular  growth  and  
crystallization  of saliva. This  study  used  a  PC-2000  microscope  and  
categorised  reliability  at  a "very high level" and appealed  that  combining  
the  sympto-thermal  method  with  the  microscope  method  resulted  in  a  
99%  reliability  rate. 84 
A study conducted by M. Guida  recorded  parameters  like  basal 
temperature, subjective  sensation  of  the  mucus  at  the  level  of  the  vulva, 
characteristics  of  cervical fluid, abdominal  and/or  lumbar  painfulness  and  
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sonographic  proof  of  ovulation  and  attained  a  positive  result  in  92%  of  
the  cases  studied, matching  salivary  ferning  to  the fertile  pre-ovulatory  and  
ovulatory  period.85 
A  further  study  conducted  in  1993  by  M. Barbato  et  al  examined  
the  use-effectiveness of  salivary  ferning  as  a  diagnostic  testing  aid  to  
natural  family  planning. This study used  a  mini  microscope  PG  53. They 
established  that  there  is  a  direct  correlation between  salivary  ferning  and  
the  fertile  period. Their  conclusion  obviously  presented  that "salivary  
ferning  may  be  considered  as  a  new  factor  to  help  women  to  detect  the  
fertile  period  combining  with  other  sympto-thermal  methods  of  ovulation  
detection." The ferning  began  to  appear  on  average  about  7  days  before  
the  first  day  of  basal  body temperature  upswing. Also  salivary  ferning  
began  1  to  2  days  before  the  commencement  of  wet cervical  fluid.86 
Manautou  et al.  observed   that  a  paper  test  strip  impregnated  with  
a  peroxidase  and  guaiac  shows  a  color  change  when  wet  with  saliva  
during  the  fertile  period.  The  colour  change  is  due  to  peroxidase. 
Dr. Biel  Cassals  studied  493  saliva  samples, and  concluded  that  the  
intensity  of  ferning is  directly  dependent  on  nearness  to  ovulation . The  
saliva  test  in  newborns  showed  negative  at  birth  but  attained  a  maximum  
level  of  positivity  at  24  hours  and  then  there  is  rapid  reduction. During  
the  menstrual  cycle, the  maximum  score  of  ferning  was  read  twice  in  a  
menstrual  cycle  apparently  in  parallel  with  the  estrogen  level. In  pregnant  
women  only  limited  number  of  cases  were  positive. In  postpartum  women 
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11  were  negative  and  3  were  faintly  positive, and  all  menopausal  women  
had  negative  tests. He  stated  the  relationship  between  the  crystallization  
of  saliva  and  hormonal  changes  taking  place  during  menstrual  cycle. He  
also  pointed  out  that  the fern  tree  like  pattern  in  saliva  is  nearly  identical  
in  appearance  to  the  ferning  in  cervical  fluid.30 
S. Alagendran et al  in  2010  detected  ovulation  by  BBT, ultrasound  
and  salivary  ferning  in  50 women  and  found  ovulatory  phase  has  increased  
sialic  acid  and  glycosaminoglycans.  Also there  was  an  increased  level  of  
hormones  such  as  luteinizing  hormone  and  estrogen  during  the  ovulatory  
period. In  their  study  they  confirmed  ovulation  by  ferning  pattern  in  saliva  
and  found  variation  in  saliva  ferning  characteristics  and  BBT  has  a certain  
degree  of  coincidence  with  ovulation.75 
Ganesan  saibaba  et  al  assessed  physio-chemical  changes  in   saliva. 
Influx  of  common  electrolyte  in  saliva  is  vital  for  crystallization  and  help  
to  induce  clear  ferning  pattern in  ovulation  phase.  Sodium  and  chloride  
were  high  during  ovulation  phase  only. Average  salivary  pH,  buffering  
capacity  was  increased  during  ovulation . During  this  phase , a  compact  
network-shaped  mesh  appeared  under  scanning  electron  microscopy (SEM)  
such  structure  did  not  appear  in  pre and  post  ovulation  phases. Furthermore, 
in this  study  they  also  observed  that  the  saliva  is  organised  as  a  fine  
mosaic-like  structure  during  ovulation. 70 
It  is  proposed  that  saliva  exhibits  biologic  deeds  similar  to  that  of  
mucus  secretions  from  the  uterine  endocervical  glands. Its  shows  similar  
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response  to  raised  circulating estrogen levels, as  well  as  to  inhibition  by  
estrogen  antagonists. The  selective  estrogen  receptor  modulator  clomiphene  
citrate, an  oestrogen  antagonists  prevents  ferning  in  both  cervical  mucus  
and  saliva.76.87 
Also  patients  with  complaints  of  abnormally  dry  bronchial, cervical  
and  salivary secretions  when  treated  with  expectorant  such  as  guanifenesin  
or potassium  iodide  produces  an  increase  in  liquidity  and  volume  of  mucus  
secretions. So clinically, many patients with defects like thick and scant cervical 
mucus on treating with expectorants or estrogen have shown improvement  in  
quantity  and  liquidity  of  cervical  mucus  as well  as  salivary  secretions. 
Such  resemblances  in  biologic  activities  propose  communal stimulatory and 
inhibitory receptors in both the endocervical and salivary glands.88 
Advantages  of  salivary  ferning  test  are  its  high  accuracy,  low  cost, 
convenience,  reusable and  easy  to  use. The  physical  changes  of  fern  pattern  
in  saliva  displays  the  changes  according  to oestrogen. With  salts  they  form  
cornified  epithelial  cells  with  hair-like  structure  in  ovulatory phase . This  
property  can  be  used  to  predict  ovulation. 
Maurizio  Guida  in  November 1999, found  that  the  salivary  ferning  
test  proved  capable  of  demonstrating  ovulation. 81 
In  2013, A. Salmassi  et  al  evaluated  47  women  who  took  part  in  
an  artificial  reproductive  technology  program  and  compared  salivary  
ferning  detected  by  the  new mini-microscope  Geratherm  ovu  control  with  
a  highly  refined  inverted  microscope. They  found  the  results  were  both  
similar  and  found  an  extremely  high  and significant agreement  of  89.4%  
between  them.89 
43 
 
E. Ian  Pearce  and  Alan  Tomlinson  in  2000  found  ferning  in  tear  
fluid  also  and  analysed  the  locations  of  chemical  elements  in  the  fern  to  
recognise  the  formation  of fern. Alteration  in  tear  ferning  patterns  are  
observed  in  many  conditions  including  Sjogren’s  syndrome, cystic  fibrosis, 
Down’s  syndrome  and  with  increasing  age. 90  Heidi Gaddey in  2011  showed  
the  presence  of  arborized  crystals  (ferning)  in  amniotic fluid  and  it  is  both  
sensitive  and  specific  for  diagnosing  rupture  of  membranes  in women  in  
labour  with  complaints  of  loss  of  fluid.91 
Barbara J. Bain, J. M. England  in  1975  studied  leukocyte  variations  
during  menstrual cycle  and  found  two  neutrophil  peaks  per  cycle. Similarly  
monocyte  count  also increased. The  eosinophil  and  basophil  count  fell  
during  ovulation  phase. The changes in neutrophil  count  appeared  to  follow  
changes  in  oestrogen  level. Oestrogen  likely  to release  neutrophils  from  
the  bone  marrow  rather  than  from  the  marginated  pool.92 
Beatriz  Pardo  Carmona  et al  used  saliva  crystallisation  as  a  means  
to  determine optimal  mating  time  in  bitches (female dog)  and  found  this  
test  could  be  used  to complement  other  methods  of  determining  the  fertile  
period  in  bitches.93 
Pitkin et al.  identified  an  associated  progressive  Parathyroid Hormone 
(PTH)   rise  during the  follicular  phase  which  peaked  at  or  just  before  LH  
surge  and  then  fell  gradually  all  over  the  luteal  phase. 75,94 
Thus  considering  all  these  facts, this  study  is  done  to  predict  
effectiveness  of  salivary  ferning  in  determining  ovulation  using  a  simple, 
in expensive  and  non-hormonal  method  using  salivary  microscope. 
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MATERIALS AND METHODOLOGY: 
Materials : 
I . For  detection  of  salivary  ferning: 
1. Fertile  focus  portable,  hand  held  ovulation  microscope: 
Parts:        
Eyepiece 
Plastic lens 
Inbuilt LED light source with button 
Cap  
2. soft hand towel for wiping 
II. For detection of  LH  surge: 
1.Homecheck  urinary ovulation  predictor  LH  test  strips. 
2.Plastic cup 
III. Transvaginal ultrasound: 
Ultrasound machine ( esoate mylab 40 ) with  7.5 MHz  vaginal  probe. 
Methodology: 
A  prospective  study  conducted  in  100  healthy  female  volunteers  
aged  between  18  and  40  years  of  age  who  reported  regular  menstrual  
cycles  between  26  and  35  days were  recruited  to  participate  in  the  study.  
Among  them, 50  were  married  with  mean  married  years of  7.5  years  and  
average  number  of  children  1.5. Women  with  irregular  menstrual  cycle, 
taking  oral  contraceptive  pills  or  any  hormonal  contraception, any  known  
gynaecological  problems  like  polycystic ovarian syndrome, fibroid uterus, 
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any systemic  diseases  like  diabetic mellitus, hypertension, pregnant and  
Lactating  women  were  excluded  from  the  study. After approval  from  
Institutional  Ethical  committee,  written  informed  consent  was  obtained  
from  the  participants. Questionnaire  regarding  LMP, menstrual  cycle, age  
at  menarche, number  of  years of  marriage, number  of children  were  
obtained. From  the  questionnaire  expected  day  of  ovulation  was  calculated  
by  calendar  method. 
Ovulation- Detection  Methods: 
During each menstrual cycle, following ovulation detection methods were 
done. 
1.Urinary  LH  level  determinations: 
The  LH  surges  in  the  urine  was  detected  every  morning  at  the  
same  time  between  8 to 10 a.m  from  day  11  of  menstrual  cycle,  using  a  
urinary  dip  stick  system,  based  on  monoclonal  antibodies  directed  against  
LH  bound  to  a  colorimetric  substance. The  strip  test  has  specified  LH 
sensitivity  of  30 mIU/mL  at  the  peak  day  of  LH  surge.  Laboratory  studies  
have  shown  urinary  LH  ovulation  predictor  kit  to  have  an  accuracy  of  
99% . To  ensure  adequate  concentration  of   Luteinizing  Hormone  in  urine,  
participants  are  asked  to  avoid  intake  of  fluids  and  water  atleast  two  
hours  before  the  test. Also  to  avoid  false  positivity  early  morning sample  
is  not  used  as  it  may  contain  high  LH  concentration. 
Urine  sample  is  collected   in  a  clean, dry  plastic  container. The test 
stick is  held  vertically  in  the  cup  containing  urine  sample  for  10–15 s  and  
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the  result  read  after  3  min  to  5  min. Two colour bands will appear. To  
determine  the  result,  the  colour  intensity  i.e. shade  of  colour, light  or  dark  
of  the  test  band  is  compared  to  the  control  band. 
Interpretation  of  results  for  the  LH  Surge: 
1.The  test  is  positive, if  colour  of  the  test  band  is  of  equal  or  greater  
intensity  than  the  control  band.  It  is  a  good  indication  that  the  LH  surge  
is  taking  place  and ovulation  will  take  place  in  average  within  the  next  
24–36 hrs. 
2. The  test  is  negative, if  the  test  band  is  of  lesser  intensity  than  the  
control  band  or cannot  be  seen,  this  indicates  the  LH  level  of  the  urine  
sample  is  at  or  close  to  its basal  normal  level  and  there  is  no  LH  surge. 
3. The  test  result  is  invalid ,if  no  control  band  appears  within  five  minutes, 
and  should  be  excluded. 
2. Transvaginal  ultrasonography: 
Scanning  of  ovary  was  performed  in  married  women  using  an  
ultrasonic  scanner  with  a  7.5 MHz  vaginal probe  and  the  scans  were  done  
starting  from  day  11  of  menstrual  cycle  till  ovulation  was  evidenced  in  
the  scan. It  was  done  on  alternate  days  until  follicle  size  is  less  than  
14mm  size,  then  continued  daily  until  the  observation  of  a  follicle  with  
diameter  of  >20 mm,  and  followed  till  the  disappearance of  dominant 
follicle. The  day  of  ovulation  was  recognized  as  the  day  when  ultrasound  
finding  showed  disappearance  of  dominant  follicle  with  reduction  in  atleast  
90%  of  its volume. 
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3.Salivary  ferning test: 
The saliva, collected at three different phases (i.e., preovulatory (11TH -
13th  day), ovulatory (14th-15th day) and postovulatory (16th-17th day), was 
smeared and  observed  under  mini  microscope. The  salivary  fern  pattern  
was  compared with  the  different  phases  of  the  menstrual  cycle. 
All  participants  were  asked  to  place  a  sample  of  small  amount  of  
unstimulated,  nonfoamy  saliva  on  the  small  plastic  lens  with  magnification  
of  50X,  inbuilt  in  the  mini  hand  held  pocket  microscope. The  saliva  is  
collected  on  raising  up  in  the  early  morning  before  brushing ,eating  or  
drinking  and  allowed  to  dry  for  5-7 min. Salivary  ferning  was  determined  
by  viewing  dried  saliva. The ferning  was  rated  from 1–3, with 1= no  visible  
ferning  (random and unconnected dots), 2=  partial ferning (a  combination  of  
dots  and  ferns), and 3 = full  or peak  ferning (complete fernlike patterns). The  
manufacturer  of  the  Fertile  focus  considers, score 1  to  be  nonfertile, indicate 
no ovulation,  score  2   as  a  transition  stage and  possibly  fertile  and ovulation  
may  occur in 3-4 days. Score  3  as  the  most  fertile  period  of  the  month. 
Accordingly  they  consider  complete  fern-like  pattern  to  be  the  time  of  
ovulation. For this study, the  last  day  of  maximum  ferning  pattern  was  
considered  as  the peak  day  of  salivary ferning  and  the  day  of  ovulation. 
Saliva  was  looked  for  the presence  of  peak  ferning  pattern  and  was  
compared  to  associated  peak  day  of  LH  surge. It  was  also  compared  with 
transvaginal  ultrasound  in  married  women.  
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Statistical  analysis: 
The  data  was  analysed  using  STATA – Statistics  and  Data  software  
version  10. Mean, standard  deviation and  frequency  of  parameters  like  age, 
marital  status, BMI, cycle  length, number of years  of  marriage, number  of  
children  were  done  using  Descriptive  analysis. Pearson’s  correlations  
coefficient  was  used   to  correlate  the  relationship  between  the  day of  the  
LH  surge, day  of  ovulation  by  ultrasound  and  the  peak  day  of  salivary  
ferning. 
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RESULTS 
 
TABLE 1: CORRELATION BETWEEN LH SURGE AND SALIVARY 
FERNING 
Tests  Salivary 
Ferning 
No salivary 
Ferning 
Total 
LH+ 96 1 97 
LH- 1 2 3 
Total  97 3 100 
 
Sensitivity = 98.9% 
Specificity=66.6% 
Positive  Predictive  value=0.98 
Negative  Predictive  value= 0.66 
LR+ = 2.96 
LR- = 0.02 
Table 1  predicted  that  98.9%  of  women  with  positive LH surge are expected 
to have positive  salivary ferning, while  66.6%  of  those with negative LH 
surge would have no salivary ferning. According  to  predictive  value  in  this  
table, 98%  of  women  with positive  salivary  ferning had  positive LH surge, 
similarly 66%  women  with negative  salivary  ferning  showed  no LH  surge. 
Positive likelihood ratio of 2.96 indicates that salivary ferning test result is 3 
times more likely to occur in women with positive LH surge than in women 
with no LH surge. 
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FIGURE I: FREQUENCY OF  MARRIED  AND  UNMARRIED  
WOMEN 
 
As  per  figure 1,  50  married  and  50  unmarried  women  were  included  in  
the  study. 
 
TABLE 2: FREQUENCY OF OVULATION AND ANOVULATION IN 
STUDY GROUP 
OVULATION ANOVULATION 
97 3 
 
As per Table 2, 97 women have ovulatory cycle and 3 women have 
anovulatory cycle. 
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Figure II: Frequency of ovulation and anovulation in 
study group
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TABLE 3: FREQUENCY OF OVULATION IN UNMARRIED AND 
MARRIED WOMEN 
 
UNMARRIED MARRIED 
48 49 
 
Table 3 shows, 48  unmarried  women  and  49 married  women  who  had 
ovulation  were  included  in  this  study. 
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Figure III: Frequency of ovulation in 
unmarried and married women
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Table 4a: Correlation of the day of the luteinizing hormone (LH) surge 
with the peak day of salivary ferning-overall (N=97) 
Variable Mean(day) SD r p 
Peak day Salivary ferning 14.92 1.12 0.89* p<0.05 
Day of LH surge 13.07 1.12   
*p<0.05.  
 
Figure IVa: Correlation of the day of the luteinizing hormone (LH) surge 
with the peak day of salivary ferning-overall 
 
Table 4a and figure IVa have shown that Mean peak day of salivary ferning is 
14.92 ± 1.12, and mean day of LH surge is 13.07 ± 1.12. The correlation 
between salivary ferning and LH surge found to be positive and statistically 
significant (r=0.89, p<0.05) 
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Table 4b: Correlation of the day of the luteinizing hormone (LH) surge 
with the peak day of salivary ferning for unmarried women (N=48) 
Variable Mean(day) SD r p 
Peak day Salivary 
ferning 
14.66 1.03 0.91* p<0.05 
Day of LH surge 12.81 1.12   
*p<0.05.  
Table 4b have shown that mean peak day of salivary ferning was 14.66 ± 1.03, 
and mean day of LH surge was 12.81 ±1.12. The correlation between salivary 
ferning and LH surge is highly significant (r=0.91, p<0.05) in unmarried 
women, 
Table 4c: Correlation of the day of the luteinizing hormone (LH) surge 
with the peak day of salivary ferning for married women (N=49) 
Variable Mean(day) SD r p 
Peak day Salivary 
ferning 
14.78 1.16 0.85* p<0.05 
Peak day Ultra Sound 15.22 1.10 0.94* p<0.05 
Day of LH surge 13.32 1.08   
*p<0.05 
Table 4c predicted that mean peak day of salivary ferning is 14.78±1.16, and 
mean day of LH surge is 13.32 ±1.08,mean day of ovulation by USG is 
15.22±1.10. The correlation between salivary ferning and LH surge is 
significant (r=0.85, p<0.05), and ultrasound and LH surge is statistically highly 
significant(r=0.94,p<0.05) in married women. 
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Figure IVb: Correlation of the day of the luteinizing hormone (LH) surge 
with the peak day of salivary ferning- unmarried and married women. 
 
As per figure IVb, there is positive correlation between salivary ferning and 
LH surge  in married and unmarried women. 
Table 5: Percent  agreement  between  LH  and  Saliva: 
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Figure V: Percent  agreement  between  LH  and  Saliva: 
 
As per Table 5 and figure V,  the  percent agreement between the LH and the 
saliva test is at high level of conformity for the same  test  results  on 11th (95%)  
and  12th day (71%)  and on 16the day (80%) and 17th day (90%) which 
corresponds to the pre- and post-ovulatory period. The interval between the 13th 
and the 15th cycle day shows a less positive match because of difference in 
secretion of estrogen and LH hormones.  
TABLE 6: FREQUENCY OF STUDY GROUP BY AGE GROUP 
18-25 YRS 26-40 YRS 
56 44 
As per Table 6, 56 women in the age group of 18-25 years and 44 women in the 
age group of 26-40 were included in this study. 
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Figure VI: Frequency of study group by age group
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TABLE 7a: CORRELATION OF SALIVARY FERNING, LH SURGE, 
WITH AGE - OVERALL 
Variable Age in 
yrs 
Mean(day) SD r p 
Peak day Salivary 
ferning 
18 – 25 14.79 1.11 0.90* p<0.05 
26 – 40 15.09 1.15 0.86* p<0.05 
Day of LH surge 18 – 25 12.90 1.15   
26 – 40 13.27 1.07   
*p<0.05. 
As shown in Table 7a, the peak day of salivary ferning for 18-25 yrs age group 
was 14.79±1.11 and day of LH surge was 12.90±1.15(r=0.90, *p<0.05). The 
peak day of salivary ferning for 26-40 yrs is 15.09 ±1.15 and day of LH surge 
is for 13.27 ±1.07 (r=0.86, *p<0.05). The result predicted that correlation 
between the day of LH surge and the days of salivary ferning was statistically 
significant. 
Figure VIIa: correlation of salivary ferning, lh surge, with age-overall 
 
As per figure VIIa, The peak day of salivary ferning and day of LH surge 
showed positive correlation for age groups 18-25 and 26-40 years.  
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Table 7b: Correlation of salivary ferning, LH surge with age- Unmarried 
Variable Age in 
yrs 
Mean(day) SD r p 
Peak day Salivary 
ferning 
18 – 25 14.66 1.03 0.91* p<0.05 
Day of LH surge 18 – 25 12.81 1.12   
*p<0.05 
Table 7b shows that the peak day of salivary ferning for 18-25 yrs age group 
was 14.66±1.03 and day of LH surge was 12.81±1.11(r=0.91, *p<0.05), The 
result predicted that correlation between the day of LH surge and the days of 
salivary ferning was statistically significant in unmarried women group 
Figure VIIb: Correlation of salivary ferning, LH surge, with AGE-
unmarried 
 
As per figure VIIb, The peak day of salivary ferning and day of LH surge 
showed positive correlation for age groups 18-25years in unmarried women. 
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Table 7c: Correlation of salivary ferning, LH surge, ultrasound with age -
Married 
Variable Age(yrs) Mean(day) SD r p 
Peak day Salivary 
ferning 
18 – 25 14.83 1.16 0.80* p<0.05 
26 - 40 15.09 1.15 0.86* p<0.05 
Peak day Ultra 
Sound 
18 – 25 15.5 1.04 0.94* p<0.05 
26 - 40 15.18 1.11 0.94* p<0.05 
Day of LH surge 18 – 25 13.66 1.21   
26 - 40 13.27 1.07   
*p<0.05 
Figure VIIc: Correlation of salivary ferning, LH surge,ultrasound with 
AGE – married  
 
Table 7 and figure VIIc  showed that the peak day of salivary ferning for 18-25 
yrs age group was 14.83±1.16, day of  LH  surge  was 13.66±1.21 and the peak 
day of ultrasound was 15.5±1.04.The peak day of salivary ferning for 26-40 yrs 
was 15.09 ±1.15, day of LH surge was 13.27 ±1.07 and the peak day of 
ultrasound was 15.18±1.11.The result shows that there was positive correlation 
between the day of LH surge, the days of salivary ferning  and peak day of 
ultrasound was statistically significant. 
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TABLE 8: FREQUENCY OF STUDY GROUP BY BMI 
UNDERWEIGHT NORMAL OVERWEIGHT OBESE 
5 60 21 14 
 
As per Table 8, 5 women were underweight, 60 women were normal weight,21 
women were overweight and 14 women were obese in this study 
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Table 9a: Correlation of salivary ferning, LH surge, ultrasound with BMI 
– Overall 
Variable BMI(kg) Mean(day) SD r p 
Peak day Salivary 
ferning 
<18 14.33 0.51 0.79 p>0.05 
18-25 14.85 1.14 0.90* p<0.05 
25-30 15.19 1.03 0.86* p<0.05 
>30 15.07 1.38 0.84* p<0.05 
Peak day Ultra 
Sound 
<18 - - -  
18-25 15.2 1.08 -  
25-30 15.14 1.01 -  
>30 15.07 1.38 -  
Day of LH surge 
<18 12.6 1.14   
18-25 12.96 1.14   
25-30 13.28 1.01   
>30 13.38 1.32   
*p<0.05 
Figure IXa:  Correlation  of  salivary  ferning,  LH surge,  ultrasound  
with BMI -  Overall 
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Table 9a and figure IXa,illustrated that the peak day of salivary ferning for BMI  
of 18-25 group was 14.85±1.14, Peak day Ultra Sound was 15.2±1.08 and day 
of LH surge was 12.96 ±1.11(r=0.90, *p<0.05), The peak day of salivary 
ferning for BMI of 25-30 group was 15.19±1.03, Peak day Ultra Sound was 
15.14±1.01and day of LH surge is for 13.28±1.01 (r=0.86, *p<0.05). The peak 
day of salivary ferning for BMI of >30 group was 15.07±1.38, Peak day Ultra 
Sound was 15.07±1.38 and day of LH surge is for 13.38±1.32 (r=0.84, 
*p<0.05).  The result showed positive correlation between the days of salivary 
ferning, Peak day Ultra Sound and the day of LH surge and with BMI. There 
was statistically significant for all groups except a BMI group of <18. The mean 
day of ovulation was around 14±2 days. 
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Table 9b: Correlation of salivary ferning, LH surge with BMI -
Unmarried 
Variable BMI(kg) Mean(day) SD r p 
Peak day Salivary 
ferning 
<18 14.33 0.51 0.79 p>0.05 
18-25 14.71 1.08 0.92* p<0.05 
25-30 - - -  
>30 - - -  
Day of LH surge 
<18 12.66 0.81   
18-25 12.83 1.16   
25-30 - -   
>30 - -   
*p<0.05 
Figure IXb: Correlation of salivary ferning, LH surge with BMI -  
unmarried 
 
Table 9b and figure IXb  have shown, that the peak day of salivary ferning for 
BMI of 18-25 group was 14.71±1.08 and day of LH surge was 12.83±1.16 
(r=0.91, *p<0.05), The result showed that correlation between the day of LH 
surge and the days of salivary ferning was statistically significant only in BMI 
of 18-25 group in unmarried women group. 
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Table 9c: Correlation of salivary ferning, LH  surge, ultrasound with 
BMI -Married 
Variable BMI(Kg) Mean(Day) SD r p 
Peak day Salivary 
ferning 
<18 - - -  
18-25 14.96 1.22 0.84* p<0.05 
25-30 14.87 1.03 0.82* p<0.05 
>30 14.82 1.38 0.81* p<0.05 
Peak day Ultra 
Sound 
<18 - - -  
18-25 15.2 1.08 0.94* p<0.05 
25-30 15.14 1.01 0.88* p<0.05 
>30 15.38 1.32 0.84* p<0.05 
Day of LH surge 
<18 - -   
18-25 13.33 1.04   
25-30 13.28 1.01   
>30 13.38 1.32   
*p<0.05 
Figure IXc: Correlation of salivary ferning, LH surge, ultrasound with 
BMI-married 
 
Table 9c and figure IXc  illustrated that the peak day of salivary ferning for 
BMI  of 18-25 group was 14.96±1.22, Peak day Ultra Sound was 15.2±1.08 and 
day of LH surge was 13.33 ±1.04 ,The peak day of salivary ferning for BMI of 
25-30 group was 14.87±1.03, Peak day Ultra Sound was 15.14±1.01and day of 
LH surge is for 13.28±1.01 .The peak day of salivary ferning for BMI of >30 
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group was 14.82±1.38, Peak day Ultra Sound was 15.38±1.32and day of LH 
surge is for 13.38±1.32.  The result have shown that correlation between the 
days of salivary ferning, Peak day Ultra Sound and the day of LH surge and  
with BMI was statistically significant in married women for all groups except  
BMI group of <18. 
 
TABLE 10: FREQUENCY OF STUDY GROUP BY CYCLE LENGTH 
<30 days >or = 30 days 
52 48 
 
Table10  predicted that 52 women with less than 30 days of cycle length and 48 
women with equal or more than 30 days of cycle length were included in this 
study 
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Figure X: Frequency of study group by cycle length
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TABLE 11a: Correlation of salivary ferning, LH  surge, ultrasound with 
Cycle Length -  Overall 
Variable Days Mean(day) SD r P 
Peak day Salivary 
ferning 
< 30 15.1 1.14 0.86* p<0.05 
> 30 14.74 1.09 0.90* p<0.05 
Day of LH surge < 30 13.34 1.12   
> 30 12.78 1.08   
*p<0.05. 
Figure XIa: Correlation of salivary ferning, LH surge, ultrasound with 
Cycle Length -  Overall 
 
As per Table 11a and figure XI a, the mean peak day of salivary ferning was 
15.1±1.14, and mean day of LH surge is 14.74±1.09 for women with <30 days 
of menstrual cycle. The correlation between salivary ferning and LH surge was 
positive and statistically significant by cycle length (r=0.86, p<0.05). The mean 
peak day of salivary ferning is 14.74±1.09, and mean day of LH surge is 
12.78±1.08 for women with >30 days of menstrual cycle. The correlation 
between salivary ferning and LH surge was statistically significant by cycle 
length (r=0.90, p<0.05) 
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Table 11b: Correlation of salivary ferning, LH surge  with Cycle Length -  
unmarried 
Variable Days Mean(day) SD r P 
Peak day Salivary 
ferning 
< 30 14.95 1.11 0.93* p<0.05 
> 30 14.44 0.93 0.88* p<0.05 
Day of LH surge < 30 13.23 1.30   
> 30 12.48 0.84   
*p<0.05 
Figure XIb: Correlation of salivary ferning, LH surge with Cycle Length 
-  unmarried 
 
Table 11b and figure XIb have shown that the mean peak day of salivary ferning 
was 14.95±1.11 and mean day of LH surge was 13.23±1.30 for women with 
<30 days of menstrual cycle. The mean peak day of salivary ferning was 
14.44±0.93 and mean day of LH surge was 12.48±0.84 for women with >30 
days of menstrual cycle .The result showed that correlation between the day of 
LH surge and the days of salivary ferning was statistically significant for both 
groups in unmarried women and both tests have positive correlation. 
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Table 11c: Correlation of salivary ferning, LH surge with Cycle Length -  
Married 
Variable Days Mean(day) SD r p 
Peak day Salivary 
ferning 
< 30 14.80 1.17 0.81* p<0.05 
> 30 14.95 1.18 0.91* p<0.05 
Peak day Ultra 
Sound 
< 30 15.27 0.99 0.90* p<0.05 
> 30 15.15 1.26 0.98* p<0.05 
Day of LH surge < 30 13.41 0.98   
> 30 13.2 1.23   
*p<0.05 
Figure XIc: Correlation of salivary ferning, LH surge, ultrasound with 
Cycle Length - married  
   
Table 11c and figure XIc showed that the mean peak day of salivary ferning 
was 14.80±1.17,mean peak day ultra sound was 15.27±0.99 and mean day of 
LH surge was 13.41±0.98 for women with <30 days of menstrual cycle. The 
mean peak day of salivary ferning was 14.95±1.18,mean peak day ultra sound 
was 15.15±1.26 and mean day of LH surge was 13.2±1.23 for women with >30 
days of menstrual cycle. The result showed positive correlation between the day 
of LH surge ,the days of salivary ferning  and peak day ultrasound and was 
statistically significant  for both groups in married women . 
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TABLE 12: FREQUENCY OF STUDY GROUP BY AGE AT 
MENARCHE 
AGE AT MENARCHE <12 YRS >12 YRS 
OVERALL 43 57 
UNMARRIED  17 33 
MARRIED 26 24 
 
Table 12 predicted that 43 women attained menarche before 12 years of age and 
57 women attained menarche before 12 years of age in this study. 
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Table 13a: Correlation of the day of the luteinizing hormone (LH) surge 
with the peak day of salivary ferning by age at menarche - overall 
Variable Mean(day) SD r p 
<12yrs (N=42) 
Peak day Salivary ferning 
15.07 1.17 0.859* p<0.05 
Day of LH surge 13.21 1.09   
>12 yrs  (N=55) 
Peak day Salivary ferning 
14.81 1.09 0.907* p<0.05 
Day of LH surge 12.96 1.15   
*p<0.05. 
Figure XIIIa: Correlation of the day of the luteinizing hormone (LH) 
surge with the peak day of salivary ferning by age at menarche - overall 
 
Table13a and Figure XIIIa illustrated that the mean peak day of salivary ferning 
was 15.07 ±1.17 and mean day of LH surge is 13.21±1.09 in women attained 
menarche before 12 years of age. The mean peak day of salivary ferning is 14.81 
±1.09, and mean day of LH surge is 12.96±1.15 in women attained menarche 
after 12 years of age. The correlation between salivary ferning and LH surge 
showed positive progression and is significant in both age groups. 
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Table 13b: Correlation of the day of the luteinizing hormone (LH) surge 
with the peak day of salivary ferning for unmarried women by age at 
menarche 
Variable Mean(day) SD R P 
<12 (N=17) 
Peak day Salivary ferning 
14.70 0.91 0.92* p<0.05 
Day of LH surge 12.82 1.18   
>12 (N=31) 
Peak day Salivary ferning 
14.64 1.11 0.91* p<0.05 
Day of LH surge 12.80 1.11   
*p<0.05 
Figure XIIIb: Correlation of the day of the luteinizing hormone (LH) 
surge with the peak day of salivary ferning by age at menarche - 
unmarried 
 
Table13b and figure XIIIb indicated that the mean peak day of salivary ferning 
is 14.70 ±0.91, and mean day of LH surge is 12.82±1.18 in unmarried women 
attained menarche before 12 years of age. The correlation between salivary 
ferning and LH surge  showed positive correlation and was significant by age 
of menarche (r=0.92, p<0.05).The mean peak day of salivary ferning is 14.64 
±1.11, and mean day of LH surge is 12.80±1.11 in unmarried women attained 
menarche after 12 years of age. The correlation between salivary ferning and 
LH surge showed positive correlation and is significant by age of menarche > 
12 yrs (r=0.91, p<0.05) 
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Table 13c: Correlation of the day of the luteinizing hormone (LH) surge 
with the peak day of salivary ferning for married women by age at 
menarche 
Variable Mean(day) SD r p 
<12 (N=25) 
Peak day Salivary ferning 
14.92 1.28 0.85* p<0.05 
Peak day Ultra Sound 15.4 0.95 0.91* p<0.05 
Day of LH surge 13.48 0.96   
<12 (N=24) 
Peak day Salivary ferning 
14.94 1.04 0.89* p<0.05 
Peak day Ultra Sound 15.64 1.23 0.96* p<0.05 
Day of LH surge 13.16 1.20   
*p<0.05.  
Figure XIIIc: Correlation of the day of the luteinizing hormone (LH) 
surge with the peak day of salivary ferning by age at menarche - married 
 
 
Table 13c and figure XIIIc predicted that the mean peak day of salivary ferning 
is 14.92±1.28,mean day of LH surge is 13.48 ±0.96 and mean day of ovulation 
by USG is 15.4±0.95 in married women who attained menarche before 12 years 
of age. The correlation between salivary ferning and LH surge is significant 
(r=0.85, p<0.05), and ultrasound and LH surge is statistically highly significant 
by age of menarche <12 yrs. (r=0.91,p<0.05). The mean peak day of salivary 
ferning is 14.92±1.04,mean day of LH surge is 13.16 ±1.20 and mean day of 
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ovulation by USG is 15.64±1.23 in married women who attained menarche after 
12 years of age. The correlation between salivary ferning and LH surge is 
significant (r=0.89, p<0.05), and ultrasound and LH surge was statistically 
highly significant by age of menarche <12 yrs. (r=0.96,p<0.05) 
TABLE 14: FREQUENCY OF STUDY GROUP BY NUMBER OF 
YEARS OF  MARRIAGE 
<5 YRS 5-10 YRS >10 YRS 
22 20 8 
 
Table 14  have shown that 22 women with less than 5 years of marriage  period, 
20 women with 5-10 years of marrige period and 8 women with more than 10 
years of marriage period were included in this study.  
 
 
  
0
5
10
15
20
25
<5 YRS 5-10 YRS >10 YRS
Figure XIV: Frequency of study group by number of years of 
marriage
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Table 15: Correlation of the day of the luteinizing hormone (LH) surge 
with the peak day of salivary ferning and ultra sound by number of years 
of marriage 
Variable Mean(day) SD r p 
<5 years, N=22 
Peak day Salivary 
ferning 
14.98 1.27 0.87* p<0.05 
Peak day Ultra Sound 15.14 1.11 0.95* p<0.05 
 
Day of LH surge 13.28 1.19   
5-10 years,N=20 
Peak day Salivary 
ferning 
15.01 1.18 0.90* p<0.05 
Peak day Ultra Sound 15.81 1.15 0.94* p<0.05 
Day of LH surge 13.25 1.06   
>10 years,N=8 
Peak day Salivary 
ferning 
15.0 0.92 0.67 p>0.05 
Peak day Ultra Sound 15.5 1.06 0.95* p<0.05 
Day of LH surge 13.62 0.91   
*p<0.05 
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Figure XV: Correlation of the day of the luteinizing hormone (LH) surge, 
ultrasound with the peak day of salivary ferning by Number of years of 
marriage 
  
 
Table 15 and figure XV predicted that the mean peak day of salivary ferning 
was 14.98±1.27, mean day of LH surge was 13.28 ±1.19 and mean day of 
ovulation by USG was 15.14±1.11 in women with less than 5 years of marriage 
period. The correlation between salivary ferning and LH surge is significant 
(r=0.87, p<0.05), and ultrasound and LH surge is statistically highly significant 
in this group (r=0.95, p<0.05). 
 The mean peak day of salivary ferning was 15.01±1.18, mean day of LH surge 
was 15.81 ±1.15 and mean day of ovulation by USG was 13.25±1.06 in women 
with 5-10 of marriage period. The correlation between salivary ferning and LH 
surge is significant (r=0.90, p<0.05), and ultrasound and LH surge is 
statistically highly significant in this group (r=0.94, p<0.05). 
Whereas in married women with number of years of marriage > 10 yrs, mean 
peak day of salivary ferning was 15±0.92, and mean day of LH surge is 13.62 
±0.91, mean day of ovulation by USG is 15.5±1.06. The correlation between 
salivary ferning and LH surge was not significant (r=0.67,p>0.05), but  
ultrasound and LH surge was statistically highly significant (r=0.95,p<0.05) 
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TABLE 16: FREQUENCY OF STUDY GROUP BY NUMBER OF 
CHILDREN 
0 child 1 child = 2 or >2 
children 
4 20 26 
 
Table 16 had shown that 4 married women with no child, 20 married women 
with 1 child and 26 married women with 2 children or more were included in 
this study. 
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Figure XVI: Frequency of study group by 
number of children
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Table 17: Correlation of the day of the luteinizing hormone (LH) surge 
with the peak day of salivary ferning for married women by number of 
children  
Variable Mean(day) SD r p 
No childern N=4 
Peak day Salivary 
ferning 
15.25 0.5 0.75 p>0.05 
 
Peak day Ultra Sound 15.95 0.57 0.81 p>0.05 
 
Day of LH surge 14 0.81   
Single child,N=20 
Peak day Salivary 
ferning 
15.05 1.2 0.85* p<0.05 
 
Peak day Ultra Sound 15.15 1.18 0.98* p<0.05 
 
Day of LH surge 13.2 1.19   
More than 2 
children,N=26 
Peak day Salivary 
ferning 
15.12 1.12 0.86* p<0.05 
 
Peak day Ultra Sound 15.24 1.12 0.93* p<0.05 
 
Day of LH surge 13.32 1.02   
*p<0.05 
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DISCUSSION 
The  current  study  discloses  that  the  nature  of  saliva  significantly  
differed  depending upon  the  menstrual  status  of  women. This  study  is  
meant  to  study  the  physical properties  mainly  the  fern  pattern  of  saliva  
in  relation  to  the  ovulation  phase  during menstrual  cycle. It  depicts  that  
salivary  fern  pattern  is  very  distinct  in  ovulatory  period as  compared  to  
preovulatory  and  postovulatory  period. In  ovulatory  phase, the  ferning  is  
clear  and  completely  occupied  the  field, whereas  in  preovulatory  phase  
the  ferning  was  incomplete  and  haphazardly  arranged  and  in  post  ovulatory  
phase  the  ferning  disappeared. Thus, saliva  samples  shown  a  clear  complete 
ferning  arrangement  found  during  the  ovulatory  period,  which  was  not  
seen  in  either  the  pre‑ovulatory  or the  post‑ovulatory  period. Accordingly, 
the  results  proposed  a  strong  association  between  salivary  arborisation  
patterns  and  ovulatory  phase  of  menstrual  cycle. 
A  similar  study  done  in  48  women  by  S. Alagendran  et  al, 
collected  salivary  samples  in  three  phases  namely  preovulatory, ovulatory, 
and  postovulatory  phases  revealed  that  the  characteristics  of  saliva  changed  
based  upon  the  menstrual  period. The  inspection  of  fern  pattern  in  
preovulatory  phase  shown  few  crystalline  structures. On  inspection  of  fern  
pattern  in  ovulatory  phase,  detected  obviously  formed  maximum  number 
(72.91%) of  estrogen crystals. The  postovulatory  fern  pattern  have  shown  
structures  of  indefinable  form. 76 
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In  our  study, salivary  ferning  pattern  was  viewed  using  a  mini 
microscope  namely  fertile  focus  which  has  inbuilt  light  source,  
magnification  of  50x  and  cost  of  $30. The cost  is  less  when  compared  
with  other  modern  fertility  monitors  like  LH  strip  each  cost  around $1  
requiring  minimum  of  20  strips  per  menstrual  cycle, follicle   study  using  
ultrasound, hormonal  assay  etc.  Fertile  focus  mini  ovulation  microscope  
used  in  our  study  is  accurate, user-friendly, portable, reusable, convenient, 
inexpensive, one  time  investment  and  can  be  used  modestly  at  home. 
As  the  saliva  can  be  easily  acquired  on  daily  basis, non-invasively,  
without  pain and  also  due  to presence  of  many  advantages of   using  mini 
microscope, ferning  test  using saliva  can  be  done in  routine  basis  as  fertility  
awareness  method. 
Our  study  shows  an  interpretable  peak  in  fertility,  that  is  the  time  
of  ovulation  as  determined  by  ferning  characteristics  in  saliva  in  reference  
to  LH  surge  in  urine  and  transvaginal  ultrasound. The  results  of  our  study  
shows  that  salivary  ferning  have sensitivity  of  98% ,specificity  of  66% and  
positive  predictive  value  of  98%. This  is  in  accordance  with  study  by  
Hugh Melnick  who  studied salivary  ferning  in  22  women  for  41  menstrual  
cycles  using  Knowhen ovulation monitor  kit  which  consists  of   a  hand-
held  pocket  mini  microscope  with  an  aspherical lens  system  with  60X  and  
found  to  have  a  sensitivity  of  96.5% and  positive  positive  predictive  value 
of  93.3%.88 
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The  results  of  our  study  have  vital  clinical  suggestions. 
Interpretations  of  salivary ferning  revealed  that  start  of  salivary  ferning  
indicated  the  beginning  of  fertile  period  and  peak  as  the  time  of  ovulation  
and  disappearance  of  ferning  as  end  of  fertile  period. Thus  salivary  ferning  
can  be  used  to  identify  the  fertile  period  in  the  menstrual  cycle  and  
timing  of ovulation.  Women  can  use  the  saliva  test  as  an  ovulation  test  
when  preparing  for  pregnancy  and  make  use  of   it  to  maximize  their  
chances  of  conceiving.95  
In  our  present  study, salivary  ferning  is  compared  with  urinary  
luteinizing  hormone and  transvaginal  ultrasound  and  found  that  there  is  
high  statistical  significant. Salivary  ferning   shows  positive  correlation  with  
urinary  LH. There  is  also  a  strong  positive statistical  correlation  of  salivary  
ferning  when  compared  with  transvaginal  ultrasound  in  married  women. 
This  is  in  concurrence  with  two  studies  that  were  published  in  1993, in  
which  women  had  interpretable  salivary  ferning  patterns  using  a  pocket  
microscope  during the  same  period  as  other  markers  of  fertility, including  
basal  body  temperature, cervical mucus,  and  ultrasound  observed  follicular  
collapse.34,81 The  investigators  in  these  two studies  suggested  that  researches  
have  to  be  focussed  to  develop  the  use  of salivary  ferning  for  family  
planning. One  method  of  determining  the  accuracy  of  hand-held  microscope  
fertility  monitors  is  to  associate  them  with  standard  indicators  of ovulation, 
like  cervical-vaginal  mucus  changes  and  luteinizing  hormone  in  the 
urine.82,96,97 They  studied  the  accuracy of  a  handheld  microscope, the  Lady  
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Free Biotester by  comparing  it  with  self-observation  of  cervical-vaginal  
mucus  and  urinary LH  and  found  an  interpretable  high  rate of  fertility  as  
indicated  by  observing  ferning in  saliva  and  cervical  mucus, when  
compared  with  other  markers  of  fertility  that  is, the  LH  surge  in  the  urine  
and  the  peak  in  cervical-vaginal  mucus.82 
Since  the  first  study  conducted  by  Dr. Cassals  who  was  the  first  
to  describe  the phenomenon  of  salivary  ferning  and  its  relationship  to  
ovulation, there  have  been many  studies  reported  that  support  the  use  of  
salivary  testing  for  ferning  pattern  as  an  indicator  of  the  period  of   
fertility  in  the  menstrual  cycle.30,88 
According  to  Paul  R  Brazina, the  detection  of  a  salivary  ferning  
pattern, is  similar  to preovulatory  cervical  mucus  and  can  be  used  as  a  
biologic  marker of  potential fecundity. It  is  well  accepted, but  comparatively  
less  used  method  of “at  home  ovulation  testing”.88,98 
In  1991, M. Guida et al, at  the  Institute  of  Obstetrics  and  Gynecology 
of  Naples (Italy) compared  the  findings  attained  with  the  crystallization  of  
saliva  with  basal  temperature, cervical  mucus, abdominal  pain  and  
ultrasound  examination  of  the  ovaries. He  published  that  in  92%  of  cases, 
saliva  formed  a  crystalline  or  ferning  pattern  in the  ovulatory  phase  of  
the  menstrual  cycle. This  study  was  authorised  in  a  succeeding paper  by  
Barbato.86,88 
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Another  author  Rotta  et  al  in 1992, established  that  during  menstrual  
cycle  fertile  and infertile  days  can  be  assessed  by  examining  the  
crystallization  of  saliva. This  was  done  by  using  minimicroscope  PC 2000  
IMPCON . They  examined  total  of  58  women for  5 months. The  participants  
were  assessed  by  a  combination  of  at  least  three standard  examination  
methods  in  both  ovulatory  and  anovulatory  cycles. They checked  a  total  
of  120  menstrual  cycles  and  inspected  1649  specimens  of  saliva. During  
the periovulatory  period, they  recorded  in  ovulatory  cycles  the  anticipated  
crystalline  structures  in  78.57%  of  salivary  samples. Also  in  anovulatory  
cycles, 84% agreement  was  noted  between  saliva  specimen  and  anovulation  
of  the  examined  cycles. They  also  analysed  correlation  between  salivary  
and  serum  levels  of  FSH,  LH  and  ovarian  steroids. They  concluded  PC 
2000  as  an  appropriate  modern equipment  that  encompasses  range  of  use  
as  contraceptives  and  also  as  an  aid  to evaluate  the  ideal  time  for  
conception   in  planned  pregnancies.84,98 
Barbato et  al., in  1993, used  PG53  microscope  in  32  women  and  
reported  that  with  a  similar  setting, the  failure  rate  was  12.5 %. 28  women  
got  a  positive  salivary  test  with  distinct  ferning  by  the  microscope  in  the  
same  time phase  as  other  markers  of  fertility. The  investigators  concluded  
that  there  is  a  direct  association  between  ferning  in  saliva  and  productive  
period  in  women’s  reproductive  life.  So  salivary  ferning  may  be  used  as  
a  new  method  to  assist  women  to  know  her  fertile  period  along  with  
other symptothermal  methods  of  ovulation  prediction.83,86 
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Salmassi  et  al. found  78%  specificity  and  an  80%  sensitivity  using  
a  pocket microscope  Geratherm  ovu  control  to  detect  salivary  ferning  in  
the  study  group  of  patients  on  in  vitro fertilization. There  was  an  89.4% 
agreement  between  the  readings  obtained  with  the pocket  microscope  and  
a  sophisticated  inverted  microscope.89Thus, salivary  microscopes, when  used  
properly, can  detect  ferning  structures  in  the saliva  that  occurs  during  
ovulation. 
In  our  study, salivary  ferning  and  ovulation  correlated  by  98.6%  
which  was  similar  to study  by  Guida  in  1999. He  had  reported  a  92%  
correlation  between  salivary  ferning and  ovulation.86He  also  reported  in  a  
subsequent  study  that, urinary  LH  correlated  100%  with  ultrasound  
evidence  of  ovulation,  whereas  the  sonographic  detection  of  ovulation  
with  salivary  ferning  was  only  36.8%. In  their  study, 57.8%  of  salivary  
specimens  were reported  as   being  “uninterpretable”.21 The  authors  proposed  
that  the  large  fraction  of  uninterpretable  results  could  have  been  due  to  
the  fact  that  ferning  pattern  was observed  by  patients  themselves  and  
many  patients  were  not  taught  to  use  the microscopes  or  interpret  the  
slides  properly. Another  likelihood  for  the  large  number  of  uninterpretable  
results  in  this  study  could  be  due  to  the  fact  that  the  actual microscopes  
used  by  the  patients  in  this  study  did  not  produce  an  satisfactory  image 
because of suboptimal lighting or poor optics. But in our study the interpretation  
was made  by  the  examiner  and  the  microscope  used  has  its  own  inbuilt  
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LED  light. Thus misinterpretation  of  salivary  ferning  due  to  inferior  
knowledge  in  observer  and  poor illumination  in  microscope  are  avoided. 
Another  paper  published  in  The  Lancet  in  1998  that  when  Didi  D  
M  Braat  used  an unspecified  pocket  microscope  to  assess  saliva  specimens  
of  patients  found  the sensitivity  of  53%  between  ovulation  detected  
sonographically  and  by  salivary  ferning. This  is  compared  to  86%  
sensitivity  when  another  physician  used  a  laboratory  grade light  
microscope.79,86,95 
Our  present  study  shows  a  strong  relationship  present  between  LH  
surge  in  urine, transvaginal  ultrasound  and  salivary  ferning  pattern,  similar  
to  that  of  study  by  Fehring  and  Gaska  in  1998  which  demonstrated  
interrelationship  of  hormone production  and  formation  of  ferning  in  saliva  
and  good  correspondence  between  the occurrence  of  LH  in  the  urine  and  
appearance  of  vaginal  mucus  ferning  and  salivary ferning.82 
In  patients  came  for  IVF, serum  oestrogen  values  on  comparing  to  
positive  salivary ferning  on  follicular  puncture  day  showed  sensitivity  of  
80%  and  specificity  of  78%  at  a  maximum  value  of  793pg/ml. This  was  
well  comparable  with  other  assessments from  urine,  cervical  mucus  or  
saliva  for  the  fertile  days of  the  female . All  estimates were  nearly  similar  
as  they  approached  day  close  to  ovulation. Cleofe  Medina  compared  mini-
microscope  to  urinary  LH  kit  ovu-control  and  found  a sensitivity  of  53%  
and  a  specificity  of  73%  for  saliva  ferning  in  relation  to  the  LH surge. 
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In  the  present  study, ferning  in  saliva  was  noted  from  three  to  four  
days  before ovulation  and  lasted  till  ovulation. This  was  similar  to  that  
was  found  by  Barbato   that  ferning  is  normally  noticed  beginning  three  
days  before  ovulation, and continuing  until  ovulation. During  this  fertile  
window, ferning  pattern  takes  place  in cervical  mucus  as  well  as  in  
saliva.86Analogues  to  salivary  ferning, on  direct observation  of  the  amount  
of  crystals  in  dried  samples  of  cervical  mucus  due  to  large  cyclical  
variations  in  the  NaC1  concentration  of  the  mucus, 31 ferning  in  saliva  
would  rise  during  follicular  maturing, reach  a  maximum  at  the  time  of 
ovulation,  and  intensely  decline  in  the  corpus  luteum  period.  
But  in  contrast  to  our  study,  according  to  Berardono, salivary  
ferning  in  human  is  broad  based  as  it  can  also  be  seen  in  whole  menstrual  
cycle  and  can   occur  in  saliva  of  postclimateric, pregnant and  prepuberal  
women. Even  the  saliva  of  male  seems  to  show  ferning. 85,100 
The  World  Health  Organisation (WHO)  published  that  a  prominent  
increase  in  the concentration  of   LH  is  the  best  consideration  of  impending  
ovulation. WHO  conducted  a  larger  study  with  177  women  and  examined  
serum  hormone  level  and ovulation  detected  by  laparotomy. It  was  observed  
that  the  average  time  interval  from hormonal  event  to  ovulation  was: LH-
rise  32h, (23.6-38.2)  and  LH-peak  16.5h (9.5-23).ovulation  took  place  
between  16-48  hours  of  the  initial  rise  in  LH  in  about  90% cases. Urinary  
LH  was  selected  as  a  best  method  for  finding  impending ovulation.50,101This  
finding  was  supported  by  a  study  using  Clearplan  home  ovulation  tests  
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which stated  that  correlation  between  ovulation  detected  by  ultrasound  and  
urinary  LH  was 100%. The  examiners  decided  that  “measuring  LH  levels  
is  an  excellent  method  for predicting  ovulation”.50 
Another  study by  Guida, used  Urinary  LH  and  beta –glucuronidase  
levels  and  compared  them  with  the  ultrasonographic  finding  of  ovulation. 
The  study  produced  a  100%  and  27.7% correlation, respectively. 81In  
another study, conducted  in  women  undergoing  sterilisation, timing  from  
LH  surge  to  ovulation  was  recorded  by  visual  examination  of  ovaries, 
histology  of  the  corpora  lutea  and  recovery  of  ova. It  was  proposed  that  
ovulation could be considered to occur  12-36h  post  LH  appearance  in  urine.82  
Based  on  these  findings, in  our  study  ovulation  detection  by  urine  
LH  surge  was considered  as  one  of  the  best  method  in  predicting and 
comparing ovulation with other methods. 
The  LH  surges  in  the  urine  was  detected  using  the  One-Step  
ovulation  self-test  kit based  on  enzyme  immunoassay  of  the  LH  
monoclonal  antibodies  in  the  urine. 
The  test  has  stated  LH  sensitivity  of  30 mIU/mL.  According  to  the  
company,  the  LH surge  can  be  detected  in  urine  as  early  as  36 hours  
before  ovulation  with  98-100% accuracy. 
Urine  LH  surge  was  detected  only  once  a  day  in  contrast  to  some  
studies. The reasons that once-a-day testing was used  for  this  study  were; 
1) the manufacturer's  instructions  indicate  using  the  test  only  once  a  day, 
2) the  expense  of using  the  test  more  than  once  a  day  would  be  high, and 
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3) the  testing  time  for  the participants  would  be  greater  if  the  tests  were  
done  more  than  once  a  day. The  intent of  the  study  was  to  use  the  LH  
test  kits  as  they  would  be  used  in  real  clinical  practice.102,103 
It  is  important  to  note  that  collecting  the  cervical  vaginal  mucus  
sample  from  women is  not  always  possible  as  it  may  be  hindered  by  
presence  of  infection  and  inflammation  in  cervix  and  vagina,  and  there  
may  be  per  vaginal  discharge  from cervix. This  makes  cervical  mucus  
sample  to  be  uninterpretable.  Also in this study only transvaginal  route  of  
ultrasound  was  done  as  in  transabdominal  route  examination  of all  sides  
of  ovary  would  be  difficult. 
Salivary  ferning  depends  mainly  on  concentration  of  salivary  
electrolytes  especially  sodium  chloride. According  to  Ganeshan S  et al 
sodium  level  in  saliva  was  increased  during  ovulation  phase. Chloride  
level  started  to  rise  during  preovulatary  phase  and  showed  significant  
increase  during  ovulatory  phase.70Gradual  but  there  is  significant  increase  
in concentration  of  salivary  sodium during ovulatory and preovulatory  phases  
compared  to  post  ovulatory phases. Sodium  is  lost  in  excess of  water  
during  period  of  ovulation.  
The  pattern  of  ferning  in  saliva  is  helpful  to  detect  the  ovulation  
period  in  women  produced  by  Sodium chloride, which  cyclically  increase  
under  the  influence  of   ovarian   hormone   estrogen. 60,63   These  findings  
were  similar  to  the  result  of  Barbato  et  al  in  which   stated  that  there  
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was  a strong association  was  found  among  salivary  ferning  patterns  in  
menstrual cycle. 86 
In  the  ovulation  phase, crystals  which  formed  clearly  were  observed  
in  saliva, whereas  in  other  phases  few  crystalline  structures  were  visible. 
The  results  suggest  that the  appearance  of  fern  formation  may  be  due  to  
the  appearance  of  surge  of  estrogenic  activity  which  increases  
concentration  of  electrolytes  in  saliva  gradually.  
In  our  study,  within  24  to  48 hours  after  the  observation  of  peak  
salivary  ferning,  ovulation  was  detected . Thus, the  present  study  
emphasizes, that  the  salivary  fern  pattern  can  be  used  for  ovulation  
prediction, and  the  test  may, therefore, be  clinically  useful  in  the  
identification  of  ovulation  day. 
The  fern  structures  formed  in  saliva  are  dried  salt  or  electrolyte  
crystals  present  as  a result of  the  electrolyte  collected  in  saliva  prior  to  
and  during  ovulation. Moreover, the ferning  is  caused  by  equal  proportion  
of  sodium  and  potassium  ions, which  cyclically increases  under  the  
influence  of  estrogen.51The  changes  in  ions  and  appearance  of  fern  pattern  
in  ovulatory  phase  may  be  due  to  basic  change  in  estrogen  circulation. 
The  direct  observation  of  the  quantity  of  crystals  in  dried  
preparations  of  saliva  would  favour  the  knowledge  that  there  are  large  
cyclical  variations  in  the  NaC1 concentration  of  the  saliva. On  observations  
by  many  studies,  the  level of  NaCl  would  increase  in  the period  of  
follicular  maturing, reach  a  maximum  level  at  the  time  of  ovulation, and  
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intensely  decrease  in  the  corpus  luteum  period. It  is  possible  that  the saliva  
secreted  by  the  glands  may  differ  in  composition  and  physical  properties, 
so  that  the  conditions  governing  the  crystallization  process  are  different  
at  different  times in  the  cycle. 
Saliva  endures  modifications  caused  by  fluid  intake, body  hydration, 
systemic  and  oral drugs,  salivary  glands  and  systemic  diseases. All  these  
factors  could  alter  the  features of  saliva  regarding  salivary  secretion  and  
solute  concentrations. This  influence  the outcomes  of  the  test  with  respect  
to  the  development  and  morphology  of  the  dried saliva  residue. Thus  to  
avoid  these  changes, salivary  samples  are  collected  from  healthy   women  
in  the  early  morning  before  brushing  and  having  any  fluid  intake. 
In  our  study  LH  peak  and  salivary  ferning  reflecting  estradiol  peak  
appeared  on  13th and  15th  day  of  menstrual  cycle  respectively. This  
corresponds  to  study  by  Ganesan saibaba  et al,  according  to  which  the  
timing  of  LH  and  estradiol  peak  appears  around 12th  and  14th  day  of  
menstrual  cycle  respectively. A  peak  LH  was  observed  during menstrual  
cycle  at  12th  day, whereas  the  mean  concentration  of  estradiol  began  to 
increase  after  LH  shut  down  and  reached  its  peak  level  during  ovulation  
phase  of cycle.70 
Action  of  oestrogen  on  fern  formation: 
According  to  study  by  K.H.Oelker,  Endogenous  17β-estradiol (E2)  
and  low  parenteral doses  of  exogenous  E2  are  vasodilators. Large  dose  of  
estrogens, mainly  ethinylestradiol (EE)  and  mestranol, induce  the  formation  
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of   proteins  from  the  liver  including  coagulation  factors, sex  hormone  
binding  globulin, and  angiotensinogen. In  the steady  state, high  plasma  levels  
of  angiotensinogen  cause  very  small  increase  in angiotensin II (AII)  and  
plasma  renin  activity, because  AII  inhibits  the  secretion  of  renin  and  
reduces  plasma  renin  level. Yet, the  increase  in  AII  is  enough  for  a  slight 
reduction  in  renal  blood  flow  and  a  slight  increase  in  exchangeable  sodium  
and  blood pressure.104 
In  menstrual  cycle, due  to  cyclical  change  in  oestrogen  level, it  
produces  increase  in concentration  of  aldosterone  and  angiotensinogen. 
These  hormones  causes  retention  of sodium  and  other  electrolytes  which  
forms  the  reason  for  formation  of  ferning  in  saliva. 
As  estrogens  are  chemically  related  to  desoxycorticosterone  which  
has  strong  sodium  retaining  property, estrogen  also  causes  sodium, chloride  
and  water  retention. 105,106 This  property  of  estrogen  is  confirmed  by  
presence  of  recurrent  ankle  edema  observed  in  few  women  before  
menstruation  and  in  late  pregnancy  when  estrogen  level  is  high.107,108 
Mechanism  of  fern  formation: 
When  saliva  is  placed  over  the  lens, there  is  evaporation  of  water  
which  further  causes  increase  in  concentration  of  solutes. According  to  
salting  out,  phenomenon  used during  protein  purification  procedures, the  
level  of  salt  continues  to  raise  until  a  point where  the  proteins  can  no  
longer  stay  in  solution.109 The  protein  is  left  over  at  the drop  margins  as  
the  liquid  regresses. The  evaporation  continues  and  the  concentration of  
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salts  remains  to  rise. When  the  solubility  level  of  the  inorganic  salts  is  
reached  and  spontaneous  fernlike  crystal  formation  takes  place. The  
absence  of  larger  molecules  like  protein  and  mucin, which  have  been  
deposited  at  the  drop  margin, ensures  that  there  is  no  hindrance  to  fern  
crystal  growth.90 
The  results  of  our  study  have  vital  clinical  suggestions. 
Interpretations  of  salivary ferning  revealed  that  start  of  salivary  ferning  
indicated  the  beginning  of  fertile  period  and  peak  as  the  time  of  ovulation  
and  disappearance  of  ferning  as  end  of  fertile  period. Thus  salivary  ferning  
can  be  used  to  identify  the  fertile  period  in  the  menstrual  cycle  and  
timing  of ovulation.82   
In  our  present  study, ferning  pattern  started  appearing  about  three  
to  four  days  before ovulation  and  gradually  showed  increase  in  fern  pattern  
towards  ovulation  day  that  is as  ovarian  dominant  follicle  increased  in  
size. This  was  similar  to  a  study “Determination  of  Fertile  and  Infertile  
Days  of  the  Menstrual  cycle  of  women  by  using  the  Saliva  Crystallization  
test” published  by  Center  of  Serbia  in 1994, showed that  saliva  ferning  is  
as  effective  as  cervical  mucus  analysis  and  ultra sonographic folliculometer. 
When  comparing  salivary  ferning  with  follicle, they  found  that  there  was 
high  percentage  of  negative  test  result  if  the  follicle  was  of  small  size  
and  high percentage  of  positive  result  when  the  follicle  was  of  larger  size. 
Thus  there  was  a highly  significant  relationship  between  size  of  follicle  
and  results  of  ferning  tests. 
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Also  this  study  proves  that  the  saliva  crystallization  test  is  possible  in  
determining fertile  and  infertile  days  and  is  valid  with  high  sensitivity. 
The  test  is  of  highly  certain  especially  in  preovulatory  period  and  the  
period  of  ovulation.27 
In  1985, Belkein  in  his  study  confirmed  successfully  correlation  
between  salivary ferning  and  oestradiol  level  by  measuring  serum  and  
salivary  estradiol  level  and  was able  to  compare  the  results  and  concluded  
that  determination  of  E2  in  saliva  by  a convenient, stress-free  procedure  
provides  valuable  information  on  ovulation  in  an  IVF program  than  
requiring  daily  blood  sampling  for  E2  measurement.110 
There  was  a  good  correlation  between  serum  and  saliva  levels  for  estrogen  
in stimulated  cycles. The  high  percentage  of  association  between  estrogen  
levels  in  saliva and  in  the  matched  serum  samples  indicates  that  saliva  
steroid  concentrations  largely reflect  those  in  serum.110 
The  level  of  salivary  estrogen  is  between  0-19.5pmol/L(4.67±5.14)  
with  corresponding serum  values  from  169  to  3157 pmol/L(930±743pmol/L) 
these  values  showed  that serum  and  salivary  estrogen  had  a  strong  linear  
relationship.  Accordingly  the  raise  in serum  estrogen  during  follicular  phase  
will  be  reflected  in  saliva  and  thus  there  will be  increase  in  NaCl  
concentration  in  saliva.111 
In  this  present  study, the  factors  like  age,  body  mass  index,  cycle  
length,  age  at  menarche, number  of  years  of  marriage,  number  of  children  
found  to  show  significant  results, on  comparing  with  ovulation  detected  
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by  salivary  ferning  with  other  tests  of  ovulation  namely  urinary  LH  and  
transvaginal  ultrasound  used  in  this  study. As  far  as  our  knowledge, this  
is  the  first  study  to  compare  ovulation  tests  with  these  parameters. 
The  study  showed, there  is  a  strong  positive  correlation  of  ovulation  
occurrence  as  detected  by  salivary  ferning  and  urinary  LH   among  women  
in  age  group  from  18-40 years  and  also  with  ovulation  detected  by  
transvaginal  ultrasound  in  married  women. 
Most  of  the  women  in  our  study  are  in  normal  BMI  range. Except  
in  individuals  who  are  underweight, salivary  ferning  found  to  correlate  
positively  with  LH  surge. This  may  be  due  to  small  sample  size  in  
underweight  group. 
In  our  study  women  with  regular  menstrual  cycle  between  26-35 
days  were  only  included  and  positive  correlation  was  detected  between  
salivary  ferning  and  other  ovulation  markers.   
In  present  study,  the  mean  age  at  menarche  was  12.55 years. The  
mean  age  at  menarche reportedly  varied  from  16.50 years  to  12.43 years  
across  various  subgroups  of  Indian women  over  the  past  four  decades  and  
by  2005  senses  the  mean  age  at  menarche among  Indian  women  was  
13.76 years  by  studies  conducted  by  Indian  Human Development  Survey 
(IHDS)  conducted  during  November  2004  and  October  2005  under  the  
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collaborative  project  of  National  Council  of  Applied  Economic  Research 
(NCAER),New  Delhi  and  the  University  of  Maryland. 112 
In  our  study, among  married  women, statistically  significant  positive  
correlation  was   seen  in  women  with  number of  years  of  marriage  less 
than  five  and  between  5-10 years  between  salivary  ferning  and  ovulation  
markers. Also  salivary  ferning  associated  well  with  LH  and  ultrasound  in  
women  with  one  child, equal or  more  than  two  children. 
Thus  the  clinical  advantages  of  undertaking  salivary  ferning  test  
using  hand  held  mini microscopes  are  that (1) the  saliva  ferning 
phenomenon  is  an  added  clinical  method  for  identifying  ovulation  (2) 
avoids  daily withdrawal  of  blood  as  in  serum  testing  of  estradiol  or  LH, 
(3) as  it  is  portable  it  can be  taken  out  in  travel  and  do  not  hinder  in  
daily  activities, (4) avoids  daily visit  to sinologist  for  follicle  study,(5)avoids  
invasive  procedures  like  transvaginal  ultrasound. (6)as  it  is  reusable  and  
one  time  investment  it  avoids  regular  purchase  of  kits  like that  of  urinary  
LH  ovulation  predictor  strips. 
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SUMMARY: 
 
The  present  study  depict  that  peak  ferning  pattern  in  saliva  coincides  
closely  with other  standard  markers  of  fertility  in  detecting  ovulation. 
During  ovulation  the  intensity  of  salivary  ferning  is  maximum  compared  
to  pre and  post  ovulatory  period. In  this  study, the  peak  salivary  ferning  
was  compared  with  urinary  luteinizing  hormone  and  in  married  women  
with  transvaginal  ultrasound. The  coincidence  can  be  detected  with  all  
three  ovulation  tests  in  both  married  and  unmarried  women  and  they  were  
statistically significant. The  parameters  like  age,  body  mass  index,  cycle  
length,  age  at  menarche, number  of  years  of  marriage,  number  of  children  
were  found  to  show  significant  positive  correlation  results  when  comparing  
salivary  ferning  with  other  ovulation  tests. In  our  study  the  ovulation  was  
found  to  occur  within  24  to  48  hours  after  peak  salivary  ferning. Saliva  
crystallization  tests  can  also  be  used  to  detect  fertile  window  of  a  
menstrual cycle. The  start  of  appearance  of  ferning  can  be  considered  as  
beginning of fertile period and disappearance of ferning as end of  fertile  period. 
Difference  in  hormones  like  estrogen  for  saliva  and  Luteinizing  
hormone  for  urinary LH  test  are  responsible  for  positive  test  results  in  
saliva  and  urine  respectively. Due  to  the  effect  of  oestrogen  on  AT II  and  
aldosterone  hormones, it  causes  increase in  sodium  chloride  in  saliva. The  
salt  on  drying  forms  fern  like  appearance. The intensity  of  ferning  increases  
gradually  and  reaches  peak  around  ovulation  period  parallel  to  the  level  
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of  oestrogen. The  occurrence  of  salivary  ferning  is  similar  to  that found  
in  cervical  mucus  crystallization. 
Thus  Home  ovulation  detection  tests  especially  salivary  ferning  
contribute  individuals  to  take  an  active  role  in  the  planning  of  conception  
or  use  to  calculate  unsafe  period  of  menstrual  cycle. 
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CONCLUSION 
Developing  a  technique  with  salivary  sample  has  many  advantages  
because  it  is  an easily  accessible  body  fluid. Since  appearance  of  salivary  
ferning  provides  optimistic results  as  observed  in  the  present  study, there  
is  a  good  endeavour  to  develop  as  a  potential  marker  for  prediction  of  
ovulation  in  women. 
Salivary  ferning  detected  using  hand  held  mini  portable  microscope  
is  an  accurate, non-invasive  and  inexpensive  means  of  determining  optimal  
days  of  fertility. 
Hence  women  can  utilize  saliva  fern  test  to  identify  the  optimal  
period  of  ovulation  to  enhance  a  planned  pregnancy  and  conversely,  help  
to  minimise  the  possibility  of  an  unplanned/unwanted  pregnancy  and  can  
also  use  as  an  easy  means  for  managing  female  infertility. 
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LIMITATIONS  OF  THE  STUDY: 
In  unmarried  women, due  to  unscrupulous  approach  transvaginal  
ultrasound  was  not  done. So  salivary  ferning  cannot  be  compared  with  
transvaginal ultrasound  in  unmarried  women. Thus  in  contrast  to  married  
women, salivary  ferning  was  compared  only  with  urinary  luteinizing  
hormone  in  unmarried  women.  
 
FUTURE  SCOPE  OF  THE  STUDY: 
In  the  present  study, the  test  was  done  by  the  examiner  only. In  
future  days, studies  can  be  done  by  training  women  themselves  to  look  
for  ferning  pattern  in  saliva. They  can  grouped  according  to  education  
status  and  can  be  trained  individually  and  their gain  of  knowledge  and  
results  can  be  compared.  
Also  the  usage  of  salivary  microscope  can  be  promoted  and  made  
available  easily  as  over  the  counter  equipment  for  routine  usage  of  public  
in  India. 
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ANNEXURES 
QUESTIONNAIRE 
Name:       Date: 
Age:    Height:                         Weight: 
 
1. Are your monthly cycles regular? Y /N 
2. How long is your monthly cycle? (from menses to menses) 
3. How many days your periods lasts- cycle length? 
4. When is your last menstrual period? 
5. What is your age at menarche? 
6. Married or unmarried? 
7. Age at marriage? 
8. How many children do you have now? 
9. Do you have heavy bleeding during menstrual cycle? Y /N 
10. Do you have severe abdominal /back pain during menstrual cycle? Y/N 
11. Do you have clotting per vagina during menstrual cycle? Y/N 
12. Do you take any drugs for regularising periods, oral contraceptive pills? Y/N 
13. Do you have any breast swelling /tenderness before menstruation? Y/N 
14. Do you have abdominal pain at mid cycle? Y/N 
15. Do you have white mucus discharge at mid cycle? Y/N 
16. Any known gynaecological problem? Y/N 
 
STATEMENT OF CONSENT 
 
I,__________________________, do hereby volunteer and consent to participate 
in this study being conducted by Dr.P.Nivethapriya.I have read and understood the 
consent form or it has been read and explained to me thoroughly .I am fully aware 
of the study details as well as aware that I may ask questions to her  or withdraw 
from the study at any time. 
 
 
Signature /left thumb impression of the subject: 
Station 
Date : 
  
ஒப்புதல் படிவம் 
 
மரு.பி.நிவேதப்ரியா, உடலியங்கியல்துறை, வகாறே மருத்துேக் கல்லூரி 
அேர்கள் “அண்டேிடுப்பின் நிகழ்றே உமிழ்நீர் ஃபர்னிங்றகக் ககாண்டு 
ஆய்வுகெய்தல்” என்ை தறலப்பில் வொதறன கெய்ேதற்கு ெம்மதம் 
அளிக்கிவைன். இந்த ஆய்ேில் கெய்முறை மற்றும் இது கதாடர்பான அறனத்து 
ேிளக்கங்கறளயும் வகட்டுக்ககாண்டு எனது ெந்வதகங்கறளயும் கதளிவுபடுத்திக் 
ககாண்வடன் என்பறத கதரிேித்துக்ககாள்கிவைன். 
 
இந்த ஆய்ேில் என் ேிேரங்கள் பாதுகாக்கப்படுேதுடன் இதன் முடிவுகள் 
ஆய்ேிதழில் கேளியிடப்படுேதில் ஆட்வெபறன இல்றல என்பறத 
கதரிேித்துக்ககாள்கிவைன்  
 
இடம்: வகாறே 
 
தேேி: 
 
கைய ொப்பம் / கைதேகை 
 
  
 
 
  
 
 
 
 
 
 
 
 
 
 
MASTER CHART 
S_No
Age
Ht
Wt
LMP
CYCLE_LENGTH
AGE_AT_MENARCHE
marital_status
mariital_age
no_of_Children
LH11
LH12
LH13
LH14
LH15
LH16
LH17
SF11
SF12
SF13
SF14
SF15
SF16
SF17
US11
US12
US13
US14
US15
US16
US17
1
18
154
45
18.10.16
28
13
1
2
2
3
1
1
1
2
2
3
2
1
1
2
18
156
43
18.10.16
34
14
1
2
2
2
2
2
3
2
2
2
2
2
3
3
19
145
46
19.10.16
30
11
1
2
2
3
1
1
1
2
2
3
1
1
1
4
18
150
50
25.10.16
26
12
1
2
3
1
1
1
1
2
2
3
1
1
1
5
18
148
45
25.10.16
28
13
1
2
2
3
1
1
1
2
2
3
1
1
1
6
18
152
48
26.10.16
32
14
1
2
2
2
3
1
1
2
2
3
1
1
1
7
18
155
45
27.10.16
30
14
1
2
2
3
1
1
1
2
2
3
1
1
1
8
19
163
53
3.11.16
26
13
1
3
2
1
1
1
1
2
3
1
1
1
1
9
18
158
57
5.11.16
30
12
1
3
1
1
1
1
1
3
1
1
1
1
1
10
18
149
46
10.11.16
28
13
1
2
2
3
1
1
1
2
2
3
1
1
1
11
19
160
58
25.11.16
32
12
1
2
2
2
3
1
1
2
2
2
3
1
1
12
18
147
51
31.11.16
28
12
1
2
2
3
1
1
1
2
2
3
1
1
1
13
18
157
55
2.12.16
30
13
1
2
2
3
1
1
1
2
2
3
1
1
1
14
18
156
47
5.12.16
26
13
1
2
3
1
1
1
1
2
3
1
1
1
1
15
18
163
53
15.12.16
28
13
1
2
2
3
1
1
1
2
2
3
1
1
1
16
19
165
58
23.12.16
30
11
1
2
3
1
1
1
1
2
3
2
1
1
1
17
19
158
49
6.1.17
34
12
1
2
2
2
2
3
1
2
2
2
2
3
1
18
18
157
43
13.1.17
28
13
1
2
2
3
1
1
1
2
2
3
1
1
1
19
18
163
50
24.1.17
30
13
1
2
3
2
1
1
1
2
3
1
1
1
1
20
18
150
47
24.1.17
30
14
1
2
2
3
1
1
1
2
2
3
1
1
1
21
18
158
55
25.1.17
35
13
1
2
2
2
2
2
3
2
2
2
2
3
1
22
18
153
48
3.2.17
30
13
1
2
2
3
1
1
1
2
2
3
1
1
1
23
18
160
42
6.2.17
28
13
1
2
2
3
1
1
1
2
2
3
1
1
1
24
19
163
59
7.2.17
26
13
1
2
3
1
1
1
1
2
3
2
1
1
1
25
18
143
42
9.2.17
28
12
1
2
2
3
1
1
1
2
2
3
1
1
1
26
18
155
48
16.2.17
26
13
1
2
3
1
1
1
1
2
3
2
1
1
1
27
18
144
40
23.2.17
28
12
1
2
2
3
1
1
1
2
2
3
1
1
1
28
18
163
36
25.2.17
26
13
1
3
1
1
1
1
1
2
3
1
1
1
1
29
18
156
45
3.3.17
28
11
1
2
2
3
1
1
1
2
2
3
1
1
1
30
18
150
56
18.3.17
26
13
1
2
3
1
1
1
1
2
3
1
1
1
1
31
18
152
41
5.4.17
30
12
1
2
2
3
1
1
1
2
2
3
1
1
32
18
154
45
5.4.17
28
13
1
2
3
1
1
1
1
2
2
3
1
1
1
33
18
166
49
8.4.17
32
12
1
2
2
3
1
1
1
2
2
3
1
1
1
34
18
148
50
10.4.17
34
13
1
2
2
2
3
1
1
2
2
2
3
1
1
35
18
158
54
16.4.17
30
13
1
2
2
3
1
1
1
2
2
3
1
1
1
36
18
140
42
20.4.17
28
14
1
2
2
3
1
1
1
2
2
3
1
1
1
37
19
160
52
24.4.17
34
13
1
2
2
2
2
3
1
2
2
2
2
3
1
38
18
166
60
30.4.17
32
14
1
2
2
2
3
1
1
2
2
2
3
1
1
39
18
156
55
1.5.17
30
11
1
2
2
3
1
1
1
2
2
3
1
1
1
40
18
150
49
3.5.17
28
12
1
2
3
2
1
1
1
2
3
1
1
1
1
41
18
148
45
5.5.17
30
13
1
2
2
3
1
1
1
2
2
3
1
1
1
42
18
156
54
8.5.17
34
12
1
1
1
1
1
1
2
1
1
1
2
2
2
43
18
148
40
10.5.17
30
13
1
2
2
3
1
1
1
2
2
3
1
1
1
44
18
163
62
11.5.17
28
12
1
2
3
1
1
1
1
2
3
1
1
1
1
45
18
152
45
16.5.17
30
13
1
2
2
3
1
1
1
2
2
3
1
1
1
46
18
155
53
19.5.17
32
12
1
2
2
2
3
1
1
2
2
2
3
1
1
47
18
150
43
26.5.17
30
14
1
2
2
3
1
1
1
2
2
3
1
1
1
       
48
18
162
56
27.5.17
28
12
1
2
3
1
1
1
1
2
3
1
1
1
1
49
18
150
51
2.6.17
32
13
1
2
2
3
1
1
1
2
2
3
1
1
1
50
18
153
49
3.6.17
34
13
1
2
2
2
3
1
1
2
2
2
3
1
1
51
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57
28.8.16
30
13
2
6
1
2
2
3
1
1
1
2
2
3
1
1
1
1
52
32
148
60
1.9.16
28
12
2
9
2
2
2
3
2
1
1
2
2
3
1
1
1
1
53
40
160
75
3.9.16
29
11
2
19
2
1
2
2
3
2
1
2
2
2
3
1
1
1
54
35
132
56
14.9.16
26
13
2
14
2
2
3
1
1
1
1
2
3
1
1
1
1
1
55
36
155
66
16.9.16
30
14
2
17
3
2
2
3
1
1
1
2
2
3
1
1
1
1
56
23
130
60
1.10.16
26
12
2
2
1
1
1
2
2
3
1
2
2
2
2
3
1
1
57
39
150
45
5.10.16
28
13
2
18
2
2
2
3
2
1
1
2
2
3
2
1
1
1
58
35
137
58
12.10.16
30
13
2
8
1
2
3
1
1
1
1
2
3
1
1
1
1
1
59
23
142
66
25.10.16
26
11
2
3
1
1
1
1
1
1
1
1
1
1
1
1
1
0
60
34
146
68
11.11.16
28
12
2
7
2
2
2
3
1
1
1
2
2
3
1
1
1
1
61
36
153
60
18.11.16
30
13
2
10
1
2
2
3
1
1
1
2
2
3
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1
1
1
62
39
156
70
23.11.16
32
11
2
19
3
2
3
2
1
1
1
2
3
1
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1
1
1
63
26
146
75
5.12.16
26
12
2
6
1
2
2
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1
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1
1
1
64
34
148
65
9.12.16
28
13
2
14
2
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2
3
1
1
1
2
2
3
1
1
1
1
65
33
150
58
14.12.16
30
13
2
4
1
2
2
2
3
1
1
2
2
3
1
1
1
1
66
29
151
49
18.12.16
26
12
2
5
1
2
3
1
1
1
1
2
2
3
1
1
1
1
67
38
147
67
22.12.16
28
12
2
9
2
2
2
2
3
1
1
2
2
2
2
3
1
1
68
34
145
75
25.12.16
28
12
2
8
2
2
2
3
1
1
1
2
2
3
1
1
1
1
69
27
153
60
30.12.16
30
11
2
7
2
2
2
2
3
1
1
2
2
2
3
1
1
1
70
39
158
76
2.1.17
26
13
2
20
2
2
2
3
1
1
1
2
2
3
1
1
1
1
71
27
148
55
5.1.17
26
13
2
8
1
2
3
1
1
1
1
2
3
1
1
1
1
1
72
28
160
67
18.1.17
28
11
2
4
2
2
2
3
1
1
1
2
2
3
1
1
1
1
73
35
140
69
20.1.17
26
12
2
7
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3
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2
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1
1
1
1
1
74
38
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78
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28
12
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19
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1
1
1
75
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68
28.1.17
26
11
2
5
1
2
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1
1
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36
158
56
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28
13
2
10
2
2
2
3
1
1
1
2
2
3
1
1
1
1
77
33
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69
5.2.17
25
13
2
9
2
2
3
1
1
1
1
2
3
1
1
1
1
1
78
25
155
52
6.2.17
30
12
2
4
0
2
2
3
1
1
1
2
2
3
1
1
1
1
79
28
162
65
10.2.17
32
12
2
4
1
2
2
2
3
1
1
2
2
2
3
1
1
1
80
33
167
78
15.2.17
28
14
2
9
2
2
2
3
1
1
1
2
2
3
1
1
1
1
81
24
157
55
22.2.17
32
15
2
2
1
2
2
2
2
3
1
1
2
2
2
3
1
1
82
20
154
67
30.2.17
28
10
2
1
0
2
2
3
1
1
1
2
2
3
1
1
1
1
83
33
155
59
4.3.17
30
12
2
3
1
2
2
3
1
1
1
2
2
3
1
1
1
1
84
27
151
50
6.3.17
26
14
2
3
0
2
3
2
1
1
1
2
3
1
1
1
1
1
85
37
155
76
18.3.17
28
12
2
9
1
2
2
3
1
1
1
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2
3
1
1
1
1
86
34
156
66
26.3.17
32
13
2
8
1
2
2
2
3
1
1
2
2
2
3
1
1
1
87
24
147
48
14.4.17
26
13
2
2
1
2
3
1
1
1
1
2
3
1
1
1
1
1
88
33
146
62
18.4.17
30
14
2
5
2
2
2
3
1
1
1
2
2
3
1
1
1
1
89
30
155
69
25.4.17
26
12
2
6
2
2
3
1
1
1
1
2
3
1
1
1
1
1
90
38
162
55
28.4.17
30
13
2
10
2
2
2
2
3
1
1
2
2
2
3
1
1
1
91
32
160
52
29.4.17
26
12
2
6
2
2
3
1
1
1
1
2
3
1
1
1
1
92
26
156
63
1.5.17
30
10
2
4
0
2
2
3
2
1
1
2
2
2
3
1
1
1
93
37
154
63
3.5.17
28
11
2
9
2
2
2
3
1
1
1
2
2
3
1
1
1
1
94
32
150
45
9.5.17
26
12
2
5
1
2
3
1
1
1
1
2
2
3
1
1
1
1
95
31
165
59
11.5.17
30
13
2
4
1
2
2
3
1
1
1
2
2
3
1
1
1
1
96
33
138
65
12.5.17
30
13
2
5
1
2
2
3
1
1
1
2
2
2
3
1
1
97
31
155
67
18.5.17
32
14
2
3
2
2
3
2
1
1
2
2
2
3
1
1
1
1
98
32
145
65
25.5.17
32
13
2
5
1
2
2
2
3
1
2
2
2
2
2
3
1
1
99
31
152
55
4.6.17
30
13
2
4
2
2
2
3
1
1
1
2
2
3
1
1
1
1
100
36
162
76
15.6.17
26
12
2
7
2
2
3
1
1
1
1
2
2
2
3
1
1
1
Days of luteinizing horm
one
Days of salivary ferning
Day of follicle rupture by transvaginal ultrasound
Ht:
W
t:
LM
P:
LH:
SF:
U
S:
Height
W
eight
Last M
enstrual Period
